


you can 


CUT YOUR MAINTENANCE PAINTING! 
COSTS UP TO SOG&% with 


AMERCOAT 87 VINYL MASTIC 


HERE 1S HOW THIS REMARKABLE PROTEC- 
TIVE COATING CAN SAVE YOU MONEY: 
1. Only one cross spray coat over a primed sur- 
face is required for complete protection —this 
means lower labor costs. 


2. Fewer scaffolding and rigging shifts are 
required. 

3. Less down time—dries to touch in minutes, 
eliminates the risk of contamination between 
coats. 


4. Greater thickness means longer life—lower 
cost per square foot per year. 


Amercoat 87 combines the time-tested chemical 
and weather resistance of vinyl coatings with 
the thickness of conventional mastics, yet is 
easily applied with standard industrial spray 
equipment. 

We will be pleased to send you our technical 
bulletin describing this coating in detail. 
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What's your CORROSION problem ? 


GATES ENGINEERING COMPANY ANNOUNCES THE 
OPENING OF THE GATES CORROSION CLINIC 


To help you solve your corrosion problems large or small, the Gates Corrosion 
Clinic—and the complete Gates Corrosion Engineering Staff—are at your 
service. The corrosion-engineering experience and know-how that have 
LU LES Bata successfully solved surface corrosion problems for Du Pont, General Electric, 
Chrysler Corporation, Bethlehem Steel, Monsanto Chemical, Sun Ship, Esso 
Standard Oil, Pennsylvania Railroad, National Biscuit Company, West Virginia 
Pulp and Paper, and many other leaders of U.S. Industry too numerous to 
mention, are yours for the asking. And there is no obligation. If you need 
help with a corrosion problem of any kind, write or phone. There’s a GACO 
Corrosion Specialist in your area ... always prepared to serve your needs. 


Ua aa 


WILMINGTON 99, DELAWARE 


Authorized Distributors in principal cities U.S.A. * Australia +» Belgium + England « Finland + France « Israel » Japan 
Norway « Okinawa « Philippine Islands + Puerto Rico » Sweden. In Canada: Gaco Products Ltd., Brantford, Ontario. 


PIONEER LEADER IN PROTECTIVE COATINGS 
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Dow’s new high-potential anodes furnish 
25% more current output than conventional | 
anodes ...save you money by requiring 
fewer installations! : 
Because of their higher driving potential, four vale’ 


GALVOMAG* anodes do the work of five conventional | jgoye 
anodes in average soils—a distinct savings for you in | Harry . 
installation costs. JOHN V\ 
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Actual field test data showing GALVOMAG's P. J. GE 
superior driving potential. 
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Also, because of greater throwing power, GALVOMAG 

anodes offer you better protection in higher resistivity = 
soils. Call your Dow anode distributor. He'll give you 
the facts on how GALvomac can reduce your cathodic 
protection costs. 





Field tests, made in various soils, have substantiated laboratory tests show- es . a 
ing GALVOMAG does produce 20-30% more current than conventional anodes. Greater protection and substantial savings, too—a 


valuable combination. Take advantage of it! THE 
DOW CHEMICAL COMPANY, Dept. MA 376 P-1, Midland, > \o-Mer 
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THIS MONTH’S COVER—Members of the 
NACE committee making arrangements for the 
NACE Conference March 12-16 in New York 
examine an 1800-year-old piece of lead pipe 
manufactured during the reign of Roman Em- 
peror Vespasian 69-79 AD. Excavated in 1907, 
the pipe is still in usable condition. It was 
loaned by National Lead Company and is in- 
scribed “IMP CAES AUG VESPASIANA SUB 
CURA CALLIST! AUG L PROCURATORIS.” 
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devoted entirely to corrosion 
research and control 
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Association of Corrosion Engineers, Inc., at Houston, Texas, 
U. S. A., as a permanent record of progress in corrosion control. 
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Kontol corrosion inhibitors have been used to 
protect more wells, on more leases, for years 
longer, than any other inhibitor. There are 
two very good reasons. One is Kontol’s effec- 
tiveness. The other is Kontol service. Prove 


this to your own satisfaction on your own wells. 


For expert Kontol assistance, just call your 


Tretolite service engineer. 


TRETOLITE COMPANY 


on 

cau A DIVISION OF PETROLITE CORPORATION 
uild- 

—— 369 Marshall Avenue, Saint Louis 19, Missouri 


wai Kontol Corrosion Inhibitors 
we are liquid organic semi-polar 
oe compounds, They adsorb at Petrolite Limited, 120 Moorgate, London EC2, England 

metal surfaces, forming a 

tough, impervious film which 

resists attack by corrosive ele- 

ments. Kontol is applicable to 

all types of wells, effectively , 

protecting pumps, tubing, flow Chemicals and Demulsifying, Desalting, Corrosion Preventing, 

lines and sucker rods against Services for the Water De-Oiling, Paraffin Removal, 

all kinds of corrosive attack. Petroleum Industry Scale Preventing, Production Stimulating 


5515 Telegraph Road, Los Angeles 22, California 


KFB S63 
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(Temporary Officers) 
H. W. Ross, Chairman, 
Henderson Company, 2116 
Rockland Drive, Birming- 
ham 9, Alabama 


Ross- 


Owensboro, Ky. 


Richard F. Hafer, Secretary- 
Treasurer; Reynolds Metals 
Co., 2500 S. 3rd St., Louis- 
ville, Ky. 


® Tidewater Section 


Ernest W. Seay, Jr., Chairman, 
The Chesapeake & Potomac 
Tel. Co., 120 W. Bute St., 
Norfolk, Va. 


Clinton H. Smoke, Vice-Chair- 
man; Norfolk Naval Ship- 
yard, Public Works Dept., 
Portsmouth, Va. 

George R. Lufsey, Secretary- 
Treasurer; Virginia Electric 
& Power Co., Box 329, Nor- 
folk 1, Va. 





SOUTH CENTRAL REGION 


Derk Holsteyn, Director; Shell 
Oil Co., Box 2527, Houston, 
Texas, 

John W. Nee, Chairman; 
Briner Paint Mfg. Co., 3713 
Agnes St., Corpus Christi, 





Inc., P. O. Box 1184, Hous- 
ton, Texas 

Joy T. -ayton, Secretary- 
Treasurer; The Texas Co., P, 
O. Box 2332, Houston, Texas. 

L. G. Sharpe, Trustee; Napko 
Paint & Varnish Works, 2202 
Munger Street, Houston 23, 
Texas. 


® New Orleans-Baton 
Rouge Section 


Lee N. Spinks, Vice-Chair- 
man; Cathodic Protection 
Service, 1639 Robert St., New 
Orleans, Louisiana, 

R. M. Robinson, Secretary- 
Treasurer, Continental Oil 
Company, P. O. Box 188, 
Harvey, Louisiana 

c. L. Barr, Trustee, Shell Oil 
Co., Box 271, Donaldsonville, 
Louisiana. 


@ North Texas Section 


Edwin H. Muehlhause, Chair- 
man; Lone Star Gas Co., 301 


S. Harwood, Dallas, Texas 
Monte Kaplan, Vice-Chairman; 





trochemical Co., P. O. Box Ss. A. Gibson, Vice-Chairman, Texas Atlantic Refining Co., Box 
344, Niagara Falls, New York T. Cc. & I. Div., U. 8. Steel Jack P, Barrett, Vice Chair- 2819, Dallas, Texas 
Corp., Elec, Lab., Sheet Mill, man; Stanolind Oil & Gas Richard B. Bender, Secretary- 
® Philadelphia Section _ Malrheld, Alabama Co., Box 591, Tulsa, Okla- Treasurer; Plastic Engr. & 
im a. Tidennn SOheibanan: 701 Ss. OR. Hart, Jr., Secretary- homa Sales Corp., Box 1037, Fort 
‘Ww. 22nd St. Wiinincton 9. freasurer, Alabama Power J. C. Spalding, Jr., Secretary- Worth, Texas 


Del. 

Ss. F. Spencer, Vice-Chairman; 
Keystone Shipping Co., 1000 
Walnut Street, Philadelphia, 
Pa. 

M. L. Rosenfeldt, Secretary- 
Treasurer; Water Service 


Company, Engineering Dept., 
Birmingham 2, Alabama 


® Carolinas Section 
Robert D. Williams, Chair- 
man; 108 Cedar Lane, Char- 


lotte 7, North Carolina 


Treasurer; Sun Oil Co., Box 
2880, Dallas, Texas 
J. A. Caldwell, Ass’t Secre- 
tary-Treasurer; Humble Oil 
& Refining Co., Box 2180, 
Houston, Texas 
H. L. Bilhartz, 


J. Gordon Meek, Trustee; Metal 
Goods Corporation, Box 7086, 
Dallas 9, Texas 


@ Permian Basin Section 





: Rodney B. Teel, Vice-Chair- Trustee at ho hs hatiimnant 

Laboratories, Inc., 4010 San- tie cM >i . Large; Production Profits John V. Gannon, Chairman; 
S Philadelphi { man; 43 Lee Drive, Lake : ore gaat fits, The foxaa Co Box 127 

Ss re adelphic ; . - . . ‘or rate 5 BNE fo xas bs 

som Street, rilac 1 L Forest, Wilmington, North Incorporated, 2406 N. Fitz 


Pa. 


®@ Pittsburgh Section 


Carolina 
William C. Burnett, Secretary- 


hugh Avenue, Dallas, Texas 


@ Alamo Section 


Midland, Texas 


Harold S. Winston, First Vice- 











Treasurer; Southern Bell Chairman; Gulf Oil Corp. 
W. G. Renshaw, Chairman; Telephone & Telegraph Co., ¢, M. Thorn, Chairman; South- Box 362, Goldsmith, Texas MOF 
Allegheny Ludlum Steel Box 240, Charlotte 1, North western Bell Telephone Com- H. W. (Jack) Gray, Second 
Corp., Brac kenridge, Penn- Carolina pany, P. O. Box 2540, San Vice-Chairman; Sivalls Tanks, We V 
sylvania Antonio, Texas Inc.. Box 1152, Odessa, Texas ¥ 
L. G. Royston, Vice-Chairman; © East Tennessee Section Cc. R. Goodrich, Vice-Chair- : f Po tive 
Royston Laboratories, Inc., James L. English, Chairman; man: 27 Woodlawn Avenue, Roscoe Jarmon, Secretary- ; 
First Street, Blawnox, Penn- 223 Virginia Ave., Oak Ridge, San ‘Antonio, esta Treasurer; Cardinal Chemi- coat; 
sylvania Tennessee, W. W. Elley, Secretary-Treas- cal Co., Box 2049, Odessa, little 


A. B. McKee, Secretary; Alu- 
minum Research Labora- 
tories, Freeport Road, New 
Kensington, Pennsylvania 

W. P. Cathcart, Treasurer; 
Tank Lining Corp., 246 
Washington Road, Pittsburgh 
16, Pennsylvania 


@ Schenectady-Albany-Troy 
Section 

J. F. Klim, Chairman; New 
York Telephone Company, 
158 State Street, Albany, 
New York 


~ ‘ . : Oi Ue ha nee ices O , ‘. c x 87, 

R. T. Foley, Vice-Chairman; T. W. Bostwick, Vice-Chair- tee ee — we laeaae ae an a 
General Electric Company, man, City of Jacksonville, powell, ares Paneer Ox AU, SD eae Toe re ee 
General Engineering Labora- Plants Efficiency Depart- Norman, Oklakoma John R. Hopkins, Secretary- 5 
tory, Room 360, Bidg. 37, ment, Utilities Building, 34 R. V. James, Secretary-Treas- Treasurer; Protecto Wrap ° 
Schenectady, New York South Laura Street, Jackson- urer; University of Okla- 


H. A. Cataldi, Secretary- 
Treasurer; General Electric 
Company, Building 7, One 
River Road, Schenectady, 
New York 


Solon Walker, Vice-Chairman; 
East Tennessee Natural Gas 
Co., P. O. Box 831, Knox- 
ville, Tenn. 

Francois Kertesz, Secretary- 
Treasurer; 
tional Laboratory, P. O. Box 
P, Oak Ridge, Tennessee. 


® Jacksonville (Fla.) 
Section 

H. E. Alexander, Chairman, 
Dozier and Gay Paint Com- 
pany, P. O. Box 3176, Sta- 
tion F., Jacksonville, Florida, 


ville, Florida. 

A. B. Smith, Secretary-Treas- 
urer, Amercoat Corporation, 
P. O. Box 2977, Jacksonville 
Florida. 


Oak Ridge Na-* 


urer; Southwestern Bell 
Telephone Company, 302 
Dakota St., San Antonio, 
Texas 

Max F. Schlather, Trustee; 
United Gas Pipeline Com- 
pany, Box 421, San Antonio, 
Texas 


® Central Oklahoma Section 


Loyd Goodson, Chairman; 
Oklahoma Natural Gas Com- 
pany, 213 North Broadway, 
Shawnee, Oklahoma 








homa, Norman, Oklahoma 

Dan H. Carpenter, Trustee; 
Sohio Petroleum Co., 1300 
Skirvin Tower, Oklahoma 
City 2, Oklahoma 


Texas 

John C. Watts, Jr., Trustee; 
Internal Pipeline Mainte- 
nance Co., Box 186, Odessa, 
Texas 

® Rocky Mountain Section 

John F. Fugazzi, Chairman; 
Public Service Co. of Colo- 
rado, P.O. Box 840, Denver 1, 
Colorado 

William L. Scull, Vice-Chair- 
man; Colorado Interstate Gas 


Company, 2249 So. Delaware 
St., Denver, Colorado 

Henry K. Becker, Trustee; 
Wyco Pipe Line Co., Bv% 
2388, Denver, Colorado 
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HOW MUCH CAN YOU SAVE 


if you protect your pipeline with Polyken Protective Tape Coatings? 


MORE—PROBABLY A LOT MORE THAN YOU THINK. 


We wouldn’t want you to assume that Polyken Protec- 
tive Tape Coatings are priced lower than all other 
coatings. They aren’t, and may sometimes even cost a 
little more applied than lower quality coatings. 
But here are 6 reasons why we can promise a sub- 
stantial saving: 
1. Polyken controlled strength — careful control in the 
selection and processing of raw materials; 


2. Uniform thickness and quality; 
3. Rugged, long-lasting protection from corrosion; 


4. Application right from the roll—no heat, thinners, 
or solvents, no drying or clean-up time required; 

5. High speed, low-labor power taping for “big inch” 
as well as “littlest inch’’ installations; 


> 


Lowest equipment investment and manpower costs 
possible. 


Of course we can’t figure your costs here in dollars and 
cents. But show us your plans—and we suspect you'll 
be surprised at how much you can save on dependable 
protection. 

Let’s talk it over now. See our complete catalog in 
Sweet’s Industrial Construction File or write, wire, or 
phone Polyken, 222 W. Adams Street, Dept. (C-B), 
Chicago 6, Illinois, RAndolph 6-4250. 


ol ken 


| conTROLLED STREP 
PROTECTIVE COATINGS 


THE KENDALL CO., POLYKEN SALES DIVISION 
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The all NEW 


SENTINEL Jr. 


LOW COST 
CORROSION 
PROTECTION 

of 


OIL WELL CASINGS 
SHORT PIPE LINES 
HEAT EXCHANGERS 
STORAGE TANKS 
SERVICE STATIONS 


or any buried or submerged metal 
structure where low amperage is re- 
quired to prevent electrolytic corro- 
sion. Adaptable for a wide variety 
of uses where economy is dictated. 
Available for quick delivery in sizes 
110/220/440 volts A.C., 12 to 48 volts 
D.C., and 3 to 6 amperes D.C. 


A COMPLETE LINE OF QUALITY 


MATERIALS 


in stock, including: Copper Cable 
* National Carbon Company Anodes 
* Vibroground Soil Instruments « M- 


Scope Pipe Finders * “Coreco” Recti- 
fiers, all sizes * Potentiometers and 
Interruptors. 


WHEN YOU THINK OF 
CORROSION, CALL 
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FOR POSITIVE CORROSION CONTROL 


A Complete Design and Installation Service 


Call, wire or write today to 


CORROSION RECTIFYING 
ne 


1506 Zora Street Houston, Texas 


Regional and Sectional Officers 


(Continued from Page 7) 
@ Sabine-Neches Section 


Mack Abraham, Chairman; 
Butadiene Plant, Cities Serv- 
ice Refining Corporation, 
Lake Charles, Louisiana. 


Jesse J. Baker, Vice-Chair- 
man; Magnolia Petroleum 
Company, 2950 Lucal Drive, 
32aumont, Texas 

A. V. Wafer, Secretary-Treas- 
urer; Ohmstede Machine 
Works, Box 128B, Beaumont, 
Texas 

Charles C. Huddleston, Trus- 
tee; Socony Paint Products 
Company, 30x 2848, Beau- 
mont, Texas 


@ Shreveport Section 


R. C. Jordan, Chairman; United 
Gas Pipe Line Co., Box 1407, 
Shreveport 92, La. 


G. V. Jones, Vice-Chairman; 
Arkansas Louisiana Gas Co., 
Box 1734, Shreveport 4, La. 


M. A. Luby, Secretary; Tretolite 
Company, Box 4094, Shreve- 
port, La. 


J. D. Bland. Treasurer; Tri- 
angle Pipe Line Company, 
Box 1795, Shreveport, La. 


W. F. Levert, Trustee; United 
Gas Pipe Line Co., P. O. Box 
1407, Shreveport 92, La. 


® Teche Section 


R. S. Morcom, Chairman; Na- 
tional Aluminate Corp. of 
Chicago, 108 W. Lawrence, 
New Iberia, La. 


Gus Vogler, Trustee; Pipe Line 
Coating & Eng. Co., Box 264, 
Lafayette, La. 


® Tulsa Section 


Richard E. Lembcke, Chair- 
man, Cities Service Research 
and Development Co., 920 E. 
Third Street, Tulsa, Okla- 
homa. 


Fred M. Cloninger, Vice-Chair- 
man, Texas Pipe Line Co., 
Box 2420, Tulsa, Oklahoma. 


Walter E. Schott, Jr., Secretary, 
c/o Corrosion Control, Ine., 
823 South Detroit, Tulsa, 
Oklahoma. 


E. W. Lawler, Treasurer, Pitts- 
burgh Coke and Chemical 
Co., 322 Tri-State Building, 
Tulsa, Oklahoma, 


T. D. Williamson, Jr., Trustee, 
T. D. Williamson, Inc., Box 
4038, Tulsa, Oklahoma. 


WESTERN REGION 


Robert H. Kerr, Director; 
Southern California Gas 
Company, 63249 Terminal 
Annex, Los Angeles 54, Cali- 
fornia 

Preston W. Hill, Chairman; 
Signal Oil & Gas Company, 
2501 East Willow, Long 
Beach, California 

E. Magoffin, Vice-Chair- 
man; California Water & 
Tele. Company, 19 West 9th 
St., National City, California 

H. N. Farmer, Secretary- 

surer; The International 

Company, Ine., 714 

W. Olympic Boulevard, Los 

Angeles 15, California 





@ Central Arizona Section 

David F, Moser, Chairman; El 
Paso Natural Gas Company, 
P. O. Box 1630, Phoenix, 
Arizona, 

Russell Jackson, 
man, Rust-Proofing, Inc., P. 
O. Box 1671, Phoenix, Ariz. 

Roy P. Osborn, Secretary- 
Treasurer: Mountain State 
Tel. & Tel. Company, Box 
2320, Phoenix, Arizona. 


Vice-Chair- 


@ Los Angeles Section 


Edward H. Tandy, Chairman; 
Standard Oil Company of 
California, Box 97, El Se- 
gundo, California. 

John R. Brown, Vice-Chair- 
man; 3525 West 74th Place, 
Inglewood, California. 

Howard N. Farmer, Secretary- 
Treasurer; The International 
Nickel Company, 714 West 
Olympic Roulevard, Los An- 
geles, California, 


® Portland Section 


Norman H. Burnett, 
man; Huntington 
Mills, 1326 N.E. 71 
Portland, Oregon. 

R. S. Baynham, Vice-Chair- 
man; Dearborn Chemical Co., 
7434 S.E. 36 Ave., Portland 
2, Oregon. 

William R. Barber, Jr., Secre- 
tary-Treasurer; Electric Steel 
Foundry, 2141 N.W. 25th 
Ave., Portland, Oregon. 


Chair- 
Rubber 
Ave., 


®@ Salt Lake Section 


John T. Burton, Chairman 
Utah Oil & Refining (, 
Box 898, Salt Lake City 
Utah. 





Februar 


Bartel J. Disanto, Vice-Chair 


man; American Smelting ¢ 
Refining Co., 514 Paci 
Natl. Life Building, gg 
Lake City, Utah. 


John P, Reeves, Secretary. 
Treasurer, Dynamic Engi. 
neering, Inc., 781 Emersg 
Avenue, Salt Lake City ; 
Utah, 


®@ San Diego Section 


Dallas G. Raasch, Chairman 
La Mesa, Lemon Grove, 
Spring Valley, Irrigation 
Dist., Box 518, La Mesa 
California. 


Fr. O. Waters, Vice-Chairman; 
San Diego City Water Dept, 
Div. of Engineering, Room 
903, Civic Center Bldg., San 
Diego 1, California 


Norman Beenfeldt, Secretary- 
Treasurer; California Water 
& Telephone Co., 19 West 
9th St., Nation: City, Call- 
fornia, 


®@ San Francisco Bay Area 
Section 


Harold H. Scott, Chairman, 
Shell Oil Company, Martine 
Refinery, Martinez, Cal. 


George J. Puckett, Vice-Chalr- 
man, Dow Chemical Com- 
pany, P. O. Box 3851, 
Pittsburgh, Cal. 


William P. Simmons, Secre- 
tary-Treasurer, Alloy Steel 
Products Company, Ine. 
California Street, San Fran- 
cisco, Cal. 


Directories of Regional and Sectional Of- 


ficers and Technical 


Committees are run 


on alternate months. Look for Directory of 


Technical Committees next in March and 
next running of regional and sectional offi- 
cers in April issue. Early notice of changes 


will permit keeping these directories up to 


date. 


BACK ISSUES OF VOLUME 11 


Copies of back issues of Volume 11, January-December, 
1955 are available except July. Persons who customarily 
bind all or parts of Corrosion and who lack issues to 
make the volume complete may get back copies at the 


following prices per copy, postpaid, remittance in ad- 
vance: NACE members, 50 cents; Non-members, $1. An 
additional charge of 65 cents per package is made for 
mailings to addresses outside the United States, Canada 


and Mexico. 








2 4 February, 1956 CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Chairmay 


efining Cp, 
ake City 1 


Vice-Chair 


Smelting af 


514 Pacific 
ding, Salt 


Secretary. 
imic Engi. 
31 Emerson 
ike City ; 


Chairman 
on Grove, 
Irrigation 
La Mesa, 


~Chairman; 
Jater Dept 
ring, Room 

Bldg., San 
ja 


Secretary- 
rnia Water 
» 19 West 
City, Call- 


y Area 


hairman, 
y, Martinez 
z, Cal, 


Vice-Chair- 
ical Com- 
Box 351, 


ns, Secre- 
lloy Steel 
y, Ine, 24 
San Fran- 


Of- 
run 
y of 
and 
of fi- 
nges 
p to 


atom seem te temecseeeio 


in hot sulphuric acid and chlorides 


PROBLEM.... Agitator propellors were failing at a rate of one every three months in dye 
kettles where hot sulphuric acid was mixed with chlorine-bearing organic 
chemicals. Sometimes corrosion was so severe that the propellors fell off the 


shaft and chipped the kettle lining. This required a major overhaul. 


REMEDY ...¢. Agitator shaft and propellor made of Haste.toy alloy D were installed. 


RESULT...e¢¢e Four years later the same propellor and shaft made of HasteLtoy alloy D 
are still in service. 

Hastettoy alloy D has excellent resistance to sulphuric acid in all con- 

centrations and at temperatures up to the boiling point. In addition, it is 


resistant to many other acids and salts frequently used in solution with 


sulphuric acid. For a copy of a booklet describing HasteLoy alloys, get in 


touch with the nearest Haynes Stellite Company office. 


TRADE-MARK 


2aaLe.Oov S&S 


HAYNES STELLITE COMPANY 


A Division of Union Carbide and Carbon Corporation 


3 
General Offices and Works, Kokomo, Indiana 


Sales Offices 
Chicago + Cleveland - Detroit - Houston - Los Angeles - New York - San Francisco + Tulsa 


“Haynes” and “Hastelloy” are registered trade-marks of Union Carbide and Carbon Corporation. 
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Without clearing area below, a Hanks’ painter sprays 550’ radio tower. 


In painting towers or tanks, refineries or plants—noted contractor 


reduces costs with DeVilbiss equipment, states... 


In the immediate area are offices, stores, 
truck terminals, and over 1000 parked 
cars. Yet — using two DeVilbiss MBC Sprav 
Guns — five of Stanley Hanks’ painters 
climbed this 550-ft. radio tower, painted 
it in alternating 40-ft. strips of white and 
orange .. . without a single damage claim 
from spray mist! 

“We've used DeVilbiss spray equipment 
for vears, and have proved that proper 
te chnique and today’s improved materials 
make outdoor painting highly practical and 
safe,” savs Mr. Hanks—owner of the 
Stanley Hanks Painting Co., Pinelawn, Mo., 
and ge of the Stanley Hanks Paint- 
ing Corp., Kansas City, Mo. 

“In spraying several structures this past 
year, including towers, bridges, and _in- 
dustrial plants, there was not a single 
damage claim due to spray mist. And we 
never cleared the area below our work! 
The new paint we use (which can be 
applied only by spray) dries well within 
30-ft. of the gun tip—a safe factor even 
in a moderate wind. 
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Stanley Hanks 


““Spray mist no longer a problem” 


“There are many jobs, indoors as well 
as out, that can be handled only by spray, 
and others where if given the choice we 
prefer the gun over “other methods. For 
DeVilbiss spray reduces painting costs; 
provides smoother, better-covering finishes. 
And because it’s much faster, DeVilbiss 
spray lets you do a complete job on a 
weekend or at night, so as not to interrupt 
a company’s work schedule.” 


How about you? Whether your painting 
assignments are indoors or out, whether 
surfaces are rough, smooth, flat or irregular 
— you'll apply better finishes, in less time, 
at lower cost, with DeVilbiss spray. Write 
for Catalog M-50. Or call your DeVilbiss 
supplier. The DeVilbiss Company, Toledo 
1, Ohio. Offices in principal cities. 


FOR BETTER SERVICE, BUY 


DeVILBISS 


as well 
y spray, 
pice we 
ds. For 
y costs; 
finishes, 
eVilbiss 
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iterrupt 
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SPRAY MIST NO PROBLEM 


WITH 


DeVitBiss Tests with Phelan’s SAFE-T-SPRAY prove spray mist dries 
within 20 to 30 feet of spray gun. 


@ Phelan’s SAFE-T-SPRAY Finishes may be applied over Phelan’s 
SAFE-T-SPRAY Primer within 15 to 30 minutes... thus it 
permits two coat application with one staging or rigging. 


@ Fast drying of Phelan’s SAFE-T-SPRAY permits a 2 to 244 mil 
thickness with one conventional spray application. 


Phelan’s SAFE-T-SPRAY eliminates spray mist and over-mist damage and 
claims when applied according to directions. Due to the high solids, this alkyd 
type material has better durability than most of the conventional type paints. 


Available in Aluminum, White, International Orange, and other colors. 


For further information about Phelan SAFE-T-SPRAY urite: 


PHELAN-FAUST PAINT MFG. CO. 
932 Loughborough Ave. St. Louis 11, Mo. 


See DEVILBISS advertisement 
on previous page. 
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Today’s better way to conduct corrosive liquids or gases | 
is with rugged, heavy-duty, TYGON TUBING. This > 
flexible, plastic pipe, in sizes up to 2” ID, is used exten 
sively as temporary or permanent acid and alkali lines; 
as inlet and discharge ports for chemical pumps and 
filters; as drainage and supply lines to and from reactors 
and storage tanks; and as a safe, efficient conducting 


medium in many other applications. 





Available in six standard formulations to meet a wide 
range of chemicals and other operating conditions, 
TYGON TUBING, ranging from crystal clear to glossy 
black, is highly resistant to acids and alkalies, oils and 
greases, alcohols and water. Its minimum extractability 
permits use with the most sensitive solutions. Its smooth 
surfaces afford faster flow and quicker, easier cleaning. Its 
full flexibility makes even the most difficult installation 
simple. Its high strength, abrasion resistance, and non- 


aging characteristics insure long service life. 





Why not solve the gas or liquid transmission problems 
in your plant by writing today, for detailed information 
and technical data on TYGON TUBING? Ask for free 
Bulletin T-87. Address: U. §. STONEWARE, AKRON 
9, OHIO. 





Plastics and Synthetics Division 


AKRON 9, OHIO 
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Finally... 


A CORROSION INHIBITOR THAT 
1S PERMANENTLY STABLE IN BRINE 


ENDCOR 50 


WHAT ENDCOR IS: It is a specific chemical treatment 
OF Zases ; for control of corrosion in both sweet and sour 
IG. Ti wells. ENDCOR 50 is a strongly polar-type organic 
: corrosion inhibitor incorporated in a non-oil-sol- 
2d exten- : ; uble, water-dispersible liquid carrier. ENDCOR 
ili Lines; ’ ; 50 is not a salt. It is a stable molecular compound. 
HOW ENDCOR WORKS: When introduced into the 


npe a os annulus of a producing well, ENDCOR 50 passes 
reactors a through the casing oil layer and rapidly disperses 
ducting : — in the underlying brine. When thus dispersed, 
, ENDCOR 50 will be preferentially adsorbed as 
8 an impervious film on metal surfaces of pumps, 
tubing, rods and flow lines—thus protecting them 

a wide - from corrosive elements in the oil or brine. 
ditions, f ' eS ' FULLY FIELD TESTED. The outstanding performance 
efficiency of ENDCOR 50 has been thoroughly 
o glossy demonstrated by standard laboratory methods as 


well as by extensive field tests. 
yy Dearborn Chemical Company has been a leader 
ctability ae ' in the field of corrosion prevention and water con- 
ditioning since 1887. During this time, Dearborn 
} so AE has supplied the oil field industry not only with 
ring. Its : te bs eS at oat NO-OX-ID Coatings and Wrappers for the pro- 
tection of pipe lines, but also with boiler water 
and cooling water treatment in refineries. 


Drarvbow. 


COMBATTING CORROSION WHEREVER IT OCCURS 


oils and 


smooth 


allation 


id non- 


MAIL THE COUPON for your copy of Dearborn 
Bulletin 5500. It gives all the facts on ENDCOR 50. 


DEARBORN CHEMICAL COMPANY 
Merchandise Mart Plaza, Chicago 54, Ill. 


Gentlemen: Please send me Bulletin 5500. 





ME TATIONAL ASSOCIATION OF 
CORROSION ENGITEERS 


is a non-profit, scientific and research association of individuals 
and companies concerned with corrosion or interested in it, whose 
objects are: 


(a) To promote the prevention of corrosion, thereby curtailing economic 
waste and conserving natural resources. 


(b) To provide forums and media through which experiences with corrosion 
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: PROBLEM involving the lo- 

ip ‘ ; P . 
FA calized corrosion of cast stain- 

. 1955- . ts : 

955-58 Bless steel in a Simplex Dispersator 
1955.58 | @s referred to the writer. lhe 
1. Dispersator had been operated in 
.1954.57 — a mixture of an organic liquid and 
eX : . ‘ e 

- water during the neutralization of 
1954. : : 
ae an acid catalyst with caustic soda 
1953-56 solutions and during subsequent 

water washing operations. 
Figure 1 shows the Dispersator 
and a portion of the shaft. The 
a unit consisted of a flanged hub 
A casting, < ’ casting < an in- 
1954.51 sting, a body casting ind in in 
ternal sheet metal vane. The back 
1954-57 portion of the body casting had 
d been cut away and the vane had 
1953.56 been removed prior to photograph- 
in ing in order to show the perfora- 
1953-56 tions. 
The shaft and the sheet metal 
1953-56 - ° = 
vane conformed to AISI Type 304 
stainless steel and the hub and the 
body castings conformed to ACI 
TABLE 1—Chromium and Nickel Content 
of Dispersator Parts 
inning LS peer —_ 
| Percent | Percent 
PART Cr Ni Magnetic 

: Shaft. . 2.) 18.05 9.05 Ne 

mittee Vane th 18.38 8.78 No 
Hub Casting. . . 18.89 | 7.89 Slight 

‘ Body Casting 19.54 | 8.09 Slight 

ctices | | 


*Koppers Company, Inc., Research Depart- 
Ment, Verona, Pa. 
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Selective Corrosion of Delta Ferrite 
In Cast Stainless Steel 


By J. M. BIALOSKY* 





Figure 1—Wrought Type 304 stainless steel 
shaft (left) and cast Type CF8 Alloy Dis- 
persator. 





Figure 2—Microstructure through surface of 
body casting showing selective attack on delta 
ferrite phase. Electrolytic oxalic acid etch. 58X. 
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CF8 as specified. Analytical results 
are given in Table 1. 

Type 304 stainless steel speci- 
mens exposed in this environment 
exhibited corrosion rates of 0.001 
and 0.002 ipy with no evidence of 
pitting or attack. The 
sight roughening observed on the 
shaft and the appearance of’ the 
vane tend to confirm the results of 
the corrosion tests, although the 
severe roughening and perforation 
of the cast parts was not in agree- 
ment with the test results. 

Metallographic specimens were 
prepared of the body casting (see 
Figure 2.) The phase 
which may be observed in the 
structure is delta ferrite which is 
formed at high temperature. This 
phase is responsible for the mag- 
netic characteristic of the metal. 
The delta ferrite had been prefer- 
entially attacked by the environ- 
ment and this resulted in deep 
pits. It is believed that the local 
perforations resulted from crevice 
corrosion initiated by these pits. 

In order to prevent future occur- 
rence of this type of attack, it was 
recommended that the nickel con- 
tent of the casting be specified on 
the high side of the allowable 
range, thereby minimizing the 
amount of delta ferrite present ‘in 
the alloy. 
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A Study of Protective Criteria on a 


Introduction 
HE MEANING of a pipe to reference electrode 
potential measurement, on a cathodically pro- 

tected pipeline, is dependent upon the location of the 

reference electrode in relation to the pipeline. It is 
the purpose of this investigation to demonstrate the 
relationship between the reference electrode position 
and the potentials measured on a pipeline section un- 
der freely corroding and cathodically protected condi- 
tions, respectively. It is intended, this be done with 
predetermined anodic areas ina uniform environment. 

The need for a better understanding of cathodic 
protection criteria is illustrated by the all too fre- 
quent inclination to adopt only a single criterion 
practice for all instances; for example: pipe to refer- 
ence electrode over pipe, pipe to remote reference 
electrode, pipe to polished steel bar, earth current 
meter, break in potential—log current density rela- 
tionship, etc. Each of these criteria will assure corro- 
sion control for some specific forms of corrosion; in 
other instances, they will have little or no meaning. 

An analysis was made of 136 replies to a question- 

naire prepared in 1948 by the NACE Committee T-4 
(now T-2C) “Minimum Current Requirements for 
Cathodic Protection.’ The purpose of this study was 
to determine whether there was a proven procedure 
to establish the effectiveness of cathodic protection 
and whether there were criteria which would estab- 
lish the minimum current density requirements. The 
following opinions were reached as a result of this 
analysis: 


1. No thoroughly proven criterion for cathodic 
protection exists. 


2. Minimum current requirements probably are 
variable from place to place and from time 
to time. 


Investigation Conditions 


The experimental program to demonstrate the re- 
lation of the reference electrode position to freely 
corroding and cathodically protected conditions was 
organized intentionally to allow measurement of all 
the electrical elements involved. Although the model 
pipe section used did not duplicate all the absolute 
conditions found on corroding and cathodically pro- 
tected pipelines, it did include the basic spatial, en- 
vironmental and electrical elements that exist. The 
corrosion current flow between the anode and cathode 
could be measured in the metallic closure circuit and 
the potential gradient in the resistive media sur- 
rounding the pipeline could be determined. 


% Submitted for publication January 31, 1955. A paper presented at the 
Eleventh Annual Conference, National Association of Corrosion Engi- 
neers, Chicago, Illinois, March 7-11, 1955. 
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Pipe Section in a Uniform Environment: 


By L. P. SUDRABIN 
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Abstract 


The effect of the reference electrode location upon 
the meaning of the pipe to reference electrode poten- 
tial is demonstrated by use of a model pipe section. 
Known anodic areas of representative shape and 
position are established on iron pipe by coupling high 
purity zinc plates through measuring circuits. 

It is found that the protective potential gradient, 
including the (IR drop) potential effects the system 
is entitled to, moves farther from the pipeline as the 
lines of corrosion current flow increase in length. 
Another finding is that the potential gradients of the 
smaller local corrosion cells are not discernible by 
surface potential measurements. 

The following generalizations for establishing the 
effectiveness of protective current on bare pipe have 
support: 

1, Long line corrosion currents are controlled when 
the protective potential (—.85 volts) is measured 
to a Cu-CuSO, reference electrode in a remote 
location (100 feet away or further from pipeline). 
Intermediate and local cell corrosion currents are 
reduced. 

2. Long line and intermediate corrosion currents are 
controlled when the protective potential is meas- 
ured to a reference electrode placed over the pipe- 
line. Local cell corrosion currents are reduced. 

3. Long line, intermediate and local cell corrosion 
currents are controlled when the protective poten- 
tial is measured close to the pipe surface. 
Measurements 1 and 2 are critical to stray current, 
shielding and anode potential gradient effects. 


The anodic areas of representative shape and posi- 
tion were established on the iron pipe section by 
attaching insulated zinc plates to the pipe. Lead 
connections were attached to the zinc and the iron 
pipe to facilitate measurement of current, potential 
and resistance. The entire pipeline section assembly 
was placed into an all wood tank 8 feet high, 8 feet 
wide and 8 feet deep which contained water (see 
Figure 1). 

The standard 3-inch pipe (3.50-inch o0.d.) eight feet 
in length used to represent the cathode was pickled, 
rinsed and lightly sanded. Three No. 16 insulated 
lead wires (terminals 1, 2 and 8) were attached to 
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the pipe for coupling to the zinc, to the potential 


test connection and for application of protective 
current. 

The anodic areas were prepared from high purity 
%-inch thick zine plate containing .0009 percent Pb 
and .000. *e—a plate furnished by the New 
jersey Zinc Company. Two anodes were cut from 
the master sheet and bent to conform to the 3-inch 
pipe curvature: 

(ZN - A) 
(ZN - B) 

Two No. 16 insulated lead wires (terminals 3, 4 
and 6, 7) were soldered to each zine anode. The 
surface of the zinc contacting the 3-inch pipe was 
covered with .010-inch scotch electrical tape, The 
disk and plate anodes were attached firmly to the 
pipe 3 feet from each end of the pipe and positioned 
180 degrees from each other. 

The pipe section, including the attached zinc 
anodes, was lowered into the water 
and positioned horizontally at a 
depth of 12 inches using a Saran 
rope hitch on each end of the pipe 
section. The pipe section could be 
rotated as required. The spatial 
relations in this study conformed 
closely to 6-inch pipe buried 24 
inches and 9-inch pipe buried 36 


l-inch diameter disk 
14-inch x 12-inch plate 


POSITION | 


CRITERIA ON A PIPE 


72-\2.400 2-CM. 


SECTION 


POTENTIOMETER 


VARIABLE 


MOVABLE STYLUS- 
TIP SAT. KCI CALOMEL \ 
REF ELECTRODE 





Figure 1—Model pipe section test assembly arrangement. 


O POSITION 2 7° -12.400 2-CM. 
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inches. 

The protective current was ap- 
plied to terminal 9 (a 1l-inch diam- 
eter x 8-foot aluminum anode lo- 


cated in the bottom of the wooden 
tank), 


A movable saturated KCl calo- 


| 
| 








mel reference electrode with a sat- 
urated KCl bridge (7 mm bore x 
60 cm length stylus tipped glass 
tube) was used to probe for the 
potential gradient around the pipe. 
All potentials were measured with 
a potentiometer. Three-inch Weston 
0-l ma and 0-5 ma panel meters were used to meas- 
ure the net corrosion current between terminals 2-3 
and/or 2-4, 

Belleville, New Jersey, tap water resistivity (p— 
12,400 ohm-cm) was used in the initial tests. Sodium 
chloride was added to lower the water resistivity 
p— 2690 ohm-cm for later tests. 





POTENTIAL VS SAT. KCI CALO/MEL (MILLIVOLTS) 


Open Circuit Potentials 


The open circuit potentials of the uncoupled zinc 
anodes (ZN-A and ZN-B) and iron pipe cathode 
were measured separately against the reference elec- 
trode placed on the surface of the water over the 
Pipe section, 

The absence of a discernible potential gradient 
when the reference electrode was moved closer to 
the zinc anodes and the iron pipe indicates that there 
Were no large discrete anodic and cathodic areas on 
the respective metal surfaces, The open circuit po- 
tentials observed represent the net effect of the very 
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DISTANCE ALONG PIPE 
Figure 2—Potential gradient on water surface. 


small anodic and cathodic areas on the zine and iron 
electrode surfaces. 


Corroding System Potentials 


The representation of a pipeline corrosion system 
with anodic areas (ZN-A and ZN-B) was placed into 
effect by bonding terminals 2-3 and 2-6 through 
milliammeters, The potentials on the 
surface of the water (p— 12,400 ohm-cm) over the 
pipe axis were measured. In Figure 2, position 1, 
(ZN-A) is on top of pipe and (ZN-B) on bottom of 
pipe; for position 2, the pipe was rotated 180 degrees. 


respectively. 


The effects of anode (ZN-B) were noted only when 
it was in position 2, Very little effect was observed 
on the water surface of the coupled anode (ZN-B) in 
position 1 or of coupled anode (ZN-A) in positions 1 
and 2. The potential gradient about anode (ZN-A) 
was determined by coupling terminals 2-3 only and 
probing with the stylus tipped reference electrode 
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~~ MILLIAMMETER POTENTIOMETER found that more protective current |) 4 
. ° ° a 
: \ 24) was required to accomplish such F pote 
2 ¢/ iat ideal control with the em anode (ZN-A) Bare 
i SAT KCI CALOMEL. WATER LEVEL than with (ZN-B). An example of to ¢ 
~S82MV this is shown in Table 1. 9 
i ; rel 
he potential gradient equiva- aN 
| lent to the open circuit potential (2 
for the zinc anode was established 
at zero zinc anode current flow Suk 
conditions, T 
| e- - = * ~* woe 
682MV *-682MV *-6E2NiV 2 Figures 4 and 5 illustrate the lo- F sofe 
*-684MV + -682MV + -682MV cation of the equipotential gradi- top 
ent corresponding to the open cir- 
| *-692MV * -682MV *-652MV cuit potential of the larger anode | “ 
*-708MV * -690MV *-684MV (ZN-B) on the iron pipe section P the 
in positions 1 and 2 respectively, [) clos 
*-738MV 2 *-692MV ~7—* -690MV 1: ; : 
7———ZN-Alf Die. Za) i Che potential gradient was estab- Fate. 
/.-938MV -694MV | ; i 
ee eI ee eA Z PLL LL ILLL ELIE EERE LI lished around the 1™%-inch x 12- tial 
oe 6" ——. - 6" —1 ie ) inch anode (ZN-B) and the 3-inch An 
" sf -s ( 
ps —— » PP it pipe section at: 
5 Bae . — ‘ app! 
(a) ree feet from the end of 


Fi = — os F ee . 
igure 3—Potential gradient—local cell corrosion the pipe (center ZN-B) T 


(b) Three and a half feet from 


sng neater nntatietnnine sincera the end of the pipe (edge of - 
ZN-B) — 
| (c) Four and a half feet from the a fi 
| end of the pipe (1 foot from 1 be 
| the edge of ZN-B). 

The potential gradients 90 and 180 E; 

degrees around the pipe from anode 
(ZN-B) are similar at locations Wh 


(a), (b) and (c), At location (a), 

the potential gradient intersects E, 

the (ZN-B) anode surface. The po- 

tential gradient indicates flow of pro- 

tective current into the center area 

of the zinc anode (ZN-B) when the | ie 

net current flow measured in the 

metallic closure circuit between 

the anode and the pipe is zero. 

The significance of this anomaly 

is considered in the discussion. 
Figure 6 shows the location of 

the equipotential gradient corre- 

sponding to the open circuit po- 


: tential of the smaller anode (ZN-A) 
Ee a Sees Cone. Tag eX on the iron pipe section in position 


NET ANODE CORROSION CURRENT 17, Oma 1 when the net anode corrosion 





POTENTIAL PROFILE - Ep, 


ao- CENTER ZN-B 
b- EDGE ZN-B 


¢- |’ ALONG PIPE FROM 











one ar dee PROTECTIVE CURRENT lp 99mo current flow is zero. The equi- 1 
WATER RESISTIVITY 7©-26902CM = notential gradient position in rela- bis 
Figure 4—E’,» potential gradient (ZN-B Position 1). tion to the pipe varied little in 260) pote 
and 12,400 ohm-cm waters, respec- 
tively. 7 
(see Figure 3). The effect of this l-inch diameter The potentials observed on the water surface over F lace 
anode was not distinguishable at a distance of 5 the pipeline in Figure 4 (—1.12V), Figure 5 (—1.20V) — ink 
inches above the surface of the pipe. Similar poten- and Figure 6 (—1.52 and —1.55V) are more electro- § of t 
tial gradient patterns were observed in more conduc- negative than the open circuit potentials of the zinc & cul: 
tive water (p— 2690 ohm-cm). 
TABLE 1—Relation of Protective Current and Corrosion Current * | 
Protected System Potentials f Control of Local Anodes ee: _i wm 
ee ———————E : f 
Protective current was applied to terminals 8-9 I (Protective) | I (ZN-A) I (ZN-B) e gro 
(Figure 1) until the net current flow between ter- roa 0 ma "I 657ma—~=~« 4.87 ma © the 
minals 2-3 and/or 2-6 coupled to the iron pipe through 170 me 000 mma | 0.740 ma 3 ner 


a milliammeter were zero. In each instance it was 
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anodes. {he more electro-negative 
potentia's (— 1.52 —1.55V) 


are required at the water surface 


and 


to control the net corrosion cur- 


rent flow out of the smaller anode 


(ZN-A) 


Subsurface Potential Calculation 

The potential of the pipe to a 
reference electrode positioned close 
to pipe surface is difficult to meas- 
ure underground. The potential of 
the pipe to a reference electrode 
close to its surface can be calcu- 
lated from ground surface poten- 
tial measurements and knowledge 
of the physical dimensions, current 


applied and soil resistivity. 


This relationship is based upon 
the superposition of the image ef- 
fect upon the potential of the pipe 
to its environment? (See Equation 


1 below). 


eh 
Er= FE. 4 012 pt (tog 4 tox**5 5) 
r ( 


Where: 


E,—= potential of pipe to reference 


electrode over pipe at a dis- 


tance “r’’ from 
(millivolts). 


the pipe axis 


,= potential of pipe to reference 
electrode over pipe at soil or 


water surface (millivolts). 
p= soil restivity ohm-cm. 


d=depth of burial in feet. 


r = assumed reference electrode lo- 


cation (E,) distance in feet 
from center axis of pipe. 
I = protective current ma per lineal 


foot of pipe. 


lhis equation is used to calcu- 
late the pipe to reference electrode 


potential, at the protective poten- 


tial gradient, from the water sur- . 


lace potential measurements made 
in Figures 4, 5 and 6. A comparison 
of the observed potential and cal- 


culated values is shown in Table 2. 


Howell® showed that the current 
(1) can be calculated from the 
ground surface gradient normal to 
the pipeline in the following man- 
ner: 


PROTECTIVE 


CRITERIA ON A PIPE SECTION 19 
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| 
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POTENTIAL PROFILE - E'zy 
a- CENTER ZN-B ANODE OPEN CIRCUIT POTENTIAL = E'zy, - 1.02 V. 
b- EDGE 2N-B NET ANODE CORROSION CURRENT Izy Oma 


c- I' ALONG PIPE FROM 








PROTECTIVE CURRENT ip 148 ma 
EDGE OF ZN-B 
WATER RESISTIVITY © -26902 CM 
Figure 5—E’z» potential gradient (ZN-B Position 2), 
“1.52V (1) 
-1.55 Vv (2) SURFACE 
T 
| 
| 
12" 
{ 
| 
| 
\ 
| e 
POTENTIAL PROFILE 
a - CENTER ZN-A 
b- |’ FROM CENTER ZN-A 
r 2 
ANODE OPEN CIRCUIT POTENTIAL x E ‘sy -- 99 V. ° E'an, - 1.05 Vv. 
NET ANODE CORROSION CURRENT lon Oma lon Oma 
PROTECTIVE CURRENT Ip 65 ma Ip 250 ma 
WATER RESISTIVITY 7o 12,4002 CM © 26901 0M 


Figure 6—E’,. potential gradient (ZN-A Position 1). 


TABLE 2—Protective Potential Gradient (Calculated and Observed) 








E, o-ohm-cm d r* I ma/ft E, (Calc) E, (Observed) 
1.12V 2690 1.0’ .326’ 12.4 —1.014V 1.02V 
1.20V 2690 1.0’ -266’ 18.5 -1.025V ~1.02V 
1.55V 2690 1.0’ .183’ 31.6 —1.065V 1.05V 
1.52V 12,400 1.0’ .190’ 8.15 0.970V 0.99V 


r) is measured at location (c). 
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_42e 
p 


f= (la) 


Where: ; 
e =e: + e—= average surface voltage drop for spacing 


2 of ten pipe depths normal to the pipe- 
line, millivolts. 





The potential gradient E, to the pipe surface is 
established by measurement of only Ey and e at each 
test location as expressed in Equation (1b): 


Er = Ex + Se(tog4—tog"F-*) (1b) 
r d 

The accuracy with which the subsurface potential 
can be calculated is limited by the uniformity of the 
soil and the reliability of the data used. Since Equa- 
tions (1), (la) and (1b) are derived by the super- 
position of the image effects of line electrodes, the 
actual round pipe will not conform to the calculated 
potential gradient. These approximations become 
more valid as the ratio of burial depth/pipe diameter 
increases. 

The subsurface potential calculation method is 
particularly helpful in interpreting the significance of 
ground surface potential measurements. Remote, 
ground surface and close to pipe surface potentials 
approach one another if: (1) the soil resistivity is 
low and (2) the protective current requirements are 
low (this is because a resistive coating on the pipe 
surface or polarization is readily achieved), Shielding 
by other pipelines and protective anode system po- 
tential gradients must be considered when use is 
made of Eauation (1) or (1b). 


Fundamentals 
Among the conditions required to approach com- 
plete corrosion control by cathodic protection on a 
corroding metal surface are :* 
1. The current flow into the corroding media 
at the anodes must become zero. 


2. The cathodes must be polarized to the 
open circuit potential of the anodes. (See 
Anode open circuit potential.) 

The protective potential (E’, open circuit potential 
of the anode) and the equivalent cathode potential, 
when the corrosion current at the anode is zero, can 
be expressed by the equation: 


E’. = Ec + Ip (Ree + Racp) (2) 
Where: 


E. = potential of cathode including polarization 
effects which are a function of current 
density and time. 

I, = protective current. 

Ree = cathode film resistance. 

RxcP = resistance of cathode electrolytic component 
(characteristic for corrosion system and 
electrolyte resistivity). 


The I, (Rxep) potential effect often represents a 
large part of the total cathode polarization to which 
the cathodically protected system is entitled, This 
has been demonstrated previously by use of a model 
corrosion system.° 
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The 1, (Riep) potential cathodic polarization effect 


is characteristic of each cathodically protected sys. | 


tem. It is observed also that the corrosion current 
flow decreases as the protective current flow increases. 


Length of Corrosion Current Flow Lines 


The size and spatial relation of the corroding anode 
and cathode areas determine the distribution and 
length of corrosion current flow lines through the 
soil surrounding a pipeline. 

Because of the fact that the ratio of the soil/pipe 
metal resistivities range from 10 to the eighth to 10 
to the ninth, the lines of corrosion current flow are 
normal to the metal surface. Lines of corrosion cur- 
rent flow do not cross each other. 

At the junction of anodic and cathodic areas, Cop- 
son® has demonstrated that the lines of corrosion cur- 
rent flow are short and the current density is high, 
The lines of corrosion current flow become longer 
and the current density lower at increasing distances 
from the junction. 

The lines of the protective current flow also are 
normal at the metal surface. Pearson,’ using the prin- 
ciple of superposition, proposed the idea that the net 
current effect at the metal surface is the vector sum 
of the corrosion current and protective current. If one 
could identify a single flow line of corrosion current, 
one would see that the net current flow into the 
anode was zero at the protected condition and the 
current flow into the cathode was equal to the pro- 
tective current. The cathode polarization is entitled 
to the potential drop through an electrolyte column, 
normal to the pipe, equal to the maximum distance 
of the trajectory of the specific corrosion current flow 
line from the pipe. 

In order to obtain complete control of the short 
lines of corrosion current flow associated with a local- 
ized pit or at the boundary of extensive anode and 
cathode areas, the length of electrolytic path of the 
element (R,.p) that the criterion condition 2 (Equa- 
tion 2)is entitled to is short and the protective poten- 
tial must be measured close to the metal surface. 

Long line corrosion currents are more easily con- 
trolled than localized pitting because they are entitled 
to the longer electrolytic path for the element (Rxcp). 


Anode Open Circuit Potential 


The value of the open circuit potential of the iron 
anode to which the cathode polarization must be 
made equivalent has not been established too clearly. 
Some experiments by Schwerdtfeger and McDor- 
man® and reference citations by Gatty and Spooner* 


‘have shown that iron in an air-free environment of 


pH 9.0 corrodes at a negligible rate. Iron electrodes 
under these conditions have been measured to have a 
potential of —.77 volts to a saturated KC1 calomel 
reference electrode (—.85 volts to a Cu-CuSO, refer- 
ence electrode). Experience over many years has 
indicated that piping systems are protected when the 
potential measured against a Cu-CuSO, reference 
electrode is —.85 volts.*® 

Schwerdtfeger and McDorman§ also noted that the 
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potential of iron measured against the reference elec- 
trode became less electro-negative as the pH of the 
air-free environment decreased (for example, —.73 
volts to a saturated KC1 calomel reference electrode 
ata pl! of 5.0). This observation coupled to the very 
low pt! sometimes noted in active pit corrosion prod- 
ucts‘? '* should be considered in the interpretation of 
natural corrosion potential data. 


The author has observed iron to saturated KCl 
calomel potentials of —.77 volts in air-free sea 
water’’ and in silt 130 feet below the Hudson River 
surface 

Discussion 

The interpretation of bare pipe to reference elec- 
trode potential measurement must be related to the 
length of galvanic corrosion current flow lines occur- 
ring on the pipeline. 


Long Line Galvanic Corrosion Current. 

A pipeline behaving as a closure circuit between 
widely spaced anodic and cathodic areas furnishes 
an example of long line galvanic corrosion current. 
Long line current flow is identified by conventional 
ground surface potential gradient measurement and/ 
or pipeline current flow techniques. 


Intermediate Galvanic Corrosion Current 


An example of intermediate galvanic corrosion cur- 
rent is to be found in the corrosion current flow in a 
system of anodic and cathodic areas whose ground 
surface potential gradient is discernible to a reference 
electrode positioned at (1 foot or greater) intervals 
along the pipeline. 


Local Cell Corrosion Current 

An example of local cell corrosion current can be 
found in the corrosion current flow in a system be- 
tween anodic and cathodic areas whose ground sur- 
face potential gradient is not discernible to a refer- 
ence electrode; i.e., the electrical boundary of the 
corrosion current flow line is close to the pipe surface. 

The pipe to reference electrode potential observed 
includes the vector summation of the effects of long, 
intermediate and local cell corrosion currents. The 
local cell corrosion current may not be discernible 
and must always be “suspect” (see Figures 2 and 3). 
Such local corrosion cells may exist on surfaces indi- 
cated to be cathodic by ground surface potential 
gradient measurement. 


‘ 


Examples of local cell corrosion include: 


Case 1. A 72-inch steel water main in northern 
New Jersey had been buried in a marsh. During 
backfilling, the overlying peat had been distributed 
throughout the clay surrounding the pipe. Localized 
pits, randomly positioned over the pipe surface, were 
associated with the areas of peat contact. The poten- 
tial gradient on the ground surface (pe — 6000 ohm- 
cm) indicated the 600 feet of pipe in the marsh area 
anodic to adjoining pipe. Intermediate and local cell 
corrosion currents were not identifiable by ground 
surface gradient (pipe cover 10 feet). The flow of 
corrosion current in the pipeline closure circuit at 
both ends of the 600-foot pipe section represented 
less than 25 percent of the equivalent corrosion ex- 
perienced. 

Case 2. Leaks had occurred on a bare unprotected 
pipeline in high resistivity sand (— 30,000 ohm cm 
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dry, 50,000 ohm-cm after rain) within 3 years after 
construction.” In the areas of corrosion activity, 
small masses of talc-like consistency were found 
distributed throughout the sand. 


At this location, experience had shown that the 
potential of the pipe to a Cu-CuSQOs, reference elec- 
trode placed on the ground surface over the pipe 
would have to be maintained more electro-negative 
than —.95 volts by means of a rectifier-anode system. 


The pipe to reference electrode potential measured 
in Case 2 included a (IR drop) potential effect, a 
small part of which was really effective in the cathode 
polarization of the local cells. 

Studies reported by Miller’* showed that the flow 
of galvanic corrosion current between anode and 
cathode pipe sections spaced 12 to 45 feet apart was 
controlled when the open circuit potential of the 
anode was observed at a remote location. The poten- 
tial measured against a reference electrode 1 inch 
and 30 inches from the cathode pipe section was 
found to be less electro-negative than at the remote 
electrode position, 

Schwerdtfeger™ has shown recently that geometric 
factors should be given consideration in making po- 
tential measurements of subsurface structures. 


A comparison of data obtained on the cathodically 
protected model pipeline section (Figure 1) and 
shown in Table 1 and Figures 4, 5 and 6 leads to the 
following observations: 


1. Less protective current is required to con- 
trol the net corrosion current flow from 
the large anode (ZN-B) than from the 
small anode (ZN-A). 


bo 


The cathode polarization is entitled to a 
potential drop through a 5 x longer elec- 
trolytic resistive path between reference 
electrode and pipe for anode (ZN-B) than 
for anode (ZN-A). 


The protective current requirements (Table 1) 
are large in relation to the corrosion current because 
the galvanic system exhibits “mixed control” char- 
acteristics. “Anodic control’?® becomes more dom- 
inant as the anode size decreases and/or the resist- 
ivity of the electrolyte increases, 

Although the net corrosion current flow has been con- 
trolled (I,n=QO) it is seen that the potential gradient 
equivalent to the open circuit potential (line a, Fig- 
ures 4 and 5) intersects the anode (ZN-B). This indi- 
cates current flow from the bulk of the water to the 
central area of (ZN-B), while there is short line corro- 
sion current flow from the edges of (ZN-B) to the ad- 
joining iron pipe. The long line current from the center 
of (ZN-B) will be controlled when the protective poten- 
tial is observed at some greater distance from the 
pipeline than line c. The short line current flow at 
the junction of the corrosion couple will be controlled 
when the protective potential is observed at the pipe 
surface. 

The special case of soil parting from the pipeline 
must be recognized as influencing the meaning of 
pipe potential measurement, 


Conclusion 


85 volts measured against a Cu- 
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CuSO, reference electrode has general acceptance as 
the protective potential for iron. 

The importance of the reference electrode location 
in relation to the pipe upon the protection achieved 
has had no standard acceptance. 

It has been demonstrated in cathodic protection 
that the cathodic polarization is entitled to an (IR 
drop) potential gradient through the resistive soil 
surrounding the pipe. This potential gradient, to 
which the protective potential is entitled, is deter- 
mined by the maximum trajectory of the specific 
corrosion current flow line to be controlled from the 
structure being protected. 

The following generalizations for establishing the 
effectiveness of cathodic protection on bare pipe 
have support: 


1. Long line corrosion currents are con- 
trolled when the protective potential 


(—.85 volts) is measured to a Cu-CuSO, 
electrode in a remote location 
(100 feet away or further from pipeline). 
Intermediate and local cell corrosion cur- 
rents are reduced. 


re feren ce 


2. Long line and intermediate corrosion cur- 
rents are controlled when the protective 
potential is measured to a reference elec- 
trode placed over the pipeline. Local cell 
corrosion currents are reduced. 


3. Long line, intermediate and local cell cor- 
currents are controlled when the 
protective potential is measured close to 
the pipe surface, 


rosion 


The calculation of potential close to the pipe sur- 
face from ground surface measurements using Equa- 
tion (1) is useful in determining the protective effect 
without the problem of always positioning the refer- 
ence electrode close to the pipe surface. Study of 
Equation (1) indicates that the remote over pipe and 
close to pipe reference electrode potentials approach 
one another when: 


1. Low protective currents are required (be- 
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cause of resistive coatings or easily polar- 
ized cathode surfaces. ) 


2. The soil resistivity is low. 


To find meaning in a pipe to reference electrode 
potential, the following conditions must be defined: 


1. Reference electrode used, 


bo 


. Location of reference electrode in relation 
to the pipeline. 
3. Size, depth of burial and position of pipe- 


line in relation to neighboring structures, 
protective anodes, etc, 


4. Soil resistivity. 


cst 


. Current applied/lineal foot of pipe. 
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Internal Casing Corrosion in Sour Oil Wells* 


By J. A. CALDWELL and M. L. LYTLE 


Introduction 

STUDY of the problem of corrosion of oil well 

casing shows that there are several mechanisms 
by which the casing may corrode. In some fields the 
attack is predominantly external and may be caused 
by bacterial action, by metallurgical defects in the 
casing, or by electrolytic action in connection with 
subsurface electric currents. 

Attack on the inside of the casing usually is caused 
by the action of acid waters standing in the lower 
part of the tubing-casing annulus, In the case of wells 
which produce hydrogen sulfide, there also may be 
severe attack on the casing in the upper part of the 
well where the space is filled with gas. Apparently, 
water vapor condenses on the inner wall of the casing, 
and hydrogen sulfide and carbon dioxide dissolve in 
the condensed water to form an acid solution which 
corrodes the steel. In the absence of preventive meas- 
ures perforation of the casing wall may occur with 
the result that repairs become necessary, 

The costs of repairing casing leaks caused by cor- 
rosion may range from a few thousand dollars for a 
low pressure pumping well to many thousands of 
dollars for a high pressure flowing well. In the case 
of a blowout, or even an undetected casing leak 
in some reservoirs, tremendous quantities of oil may 
be lost; the actual cost of the failure is difficult to 
estimate. 

The majority of sour oil wells subject to internal 
casing corrosion fall in the low-pressure category. 
Many of these wells must be pumped to obtain pro- 
duction, Because of the relatively low productivity of 
these wells, a low-cost method of reducing internal 
casing corrosion is needed. One method which appears 
to be satisfactory is that of setting the tubing on a 
packer and filling the tubing-casing annulus with oil. 
Other procedures are to inject a volatile inhibitor 
such as formaldehyde or ammonia, or large quantities 
of oil containing an organic corrosion inhibitor. This 
report describes some preliminary results of both 
laboratory and field work on oil-inhibitor mixtures, 
and of laboratory work on paraffin-oil-inhibitor mixtures, 
ina program designed to determine for such mixtures 
the cost of injection and effectiveness in reducing 
internal casing corrosion, 


Laboratory Tests and Results 

Amount of Material Adhering to Steel Surface 

A portion of the laboratory work was directed 
toward a determination of the amount of oil-inhibitor 
or paraffin-oil-inhibitor mixture which would adhere 
to a steel surface. In one test, weighed steel coupons 
measuring 1l-inch x 3-inches x 1/16-inch were im- 
mersed for 15 minutes in oil containing a corrosion 
inhibitor in a concentration of 2.4 percent. The cou- 
pons were removed and weighed after the oil-inhibitor 


*Submitted for publication March 4, 1955. A paper presented at the 
Eleventh Annual Conference, National Association of Corrosion En- 
gineers, Chicago, Illinois, March 7-11, 1955. 
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Abstract 

A low-cost method of reducing internal casing corro- 
sion in sour oil wells is needed. Results of laboratory 
weight loss tests suggest that treatment of the inside 
of the casing with an oil-inhibitor mixture may be a 
feasible solution. Results of other laboratory tests show 
that the weight of a paraffin-oil-inhibitor mixture 
adhering to a steel coupon is several times that of the 
film deposited from an oil-inhibitor mixture alone. Pre- 
liminary results of a field test on two wells showed that 
rapid injection of several barrels of an_ oil-inhibitor 
mixture into the tubing-casing annulus gave complete 
coverage of the outside of the tubing in the gas space 
and that the film remained intact for at least six months. 
It is probable that the inside of the casing in the gas 
space also was completely covered by the oil-inhibitor 
mixture, 


coating had been allowed to drain in air for periods 
of one hour, 13% hours, and 72 hours, respectively. 

As shown in Table 1, the particular oil used in the 
test adhered to the steel surface about as well as the 
same oil containing a corrosion inhibitor. There was 
some blackening under the oil film containing no 
inhibitor (an indication of the start of corrosion). 

In a second test, coupons of the same type were 
immersed for 15 minutes at 128-130 F in a different 
oil-inhibitor mixture to which had been added 10 per- 
cent by weight of field paraffin. The coupons were 
removed and weighed after the paraffin-oil-inhibitor 
mixture had been allowed to drain for a period of one 
hour and after a period of 72 hours. Results of tests 
using the paraffin-o1l-inhibitor type of mixture, shown 
in Table 2, indicated that the presence of a corrosion 
inhibitor did not cause -a greater amount of material 
to adhere to the steel surface. However, the amount 
of paraffin-oil-inhibitor. mixture adhering to the steel 
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Figure 1—Coupon aad holder in test tube. 


TABLE 1—Weights of Oil or Oil-inhibitor Mixtures Adhering to 
Steel Surface 


WEIGHT IN GRAMS OF FLUID 
AFTER EXPOSURE TIMES 


Conc. of | Immersion 
| Inhibitor! Time for | 
| In Oil! | Coupons? |- \ — 
Inhibitor} | (Minutes) | 134 Hours | 72 Hours 
| 0.0806 | 0.0448 0.0239 
0.0737 | 0.0399 | 0.0237 
0.0772 avg. | 0.0424 avg. | 0.0238 avg. 


| 0.0420 

| 0.0446 

0.0433 avg. 

| 0.0471 | 0.0261 

| 0.0418 | 0.0263 
0.0445 avg. | 0.0262 avg. 


0.0763 
| 0.0700 
| 0.0737 avg. 


| 0.0212 
0.0248 
0.0230 ave. 


| 0.0661 
| 0.0687 
| 0.0674 avg. 
| 0.0743 
| 0.0982 
| 0.0863 ave. 


0.0510 
0.0485 
0.0498 avg. 


0743—OCS | 0.0292 
0.0314 
0.0303 avg. 





1 Oil from Penwell field, Ector County, Texas. 

2 Coupons are of mild steel, 1 inch x 3 inches x 146 inch. 

3 Inhibitor is of the high molecular weight amine type. It is oil soluble 
and water dispersible. 

4 Inhibitor is of the semipolar organic compound type. It is completely 
soluble in hydrocarbons, relatively insoluble in brine. 

5 Inhibitor is of the high molecular weight nitrogen base compound type. 


TABLE 2—Weights of Paraffin-Oil or Paraffin-Oil-Inhibitor 
Mixtures Adhering to Steel Surface 


| 
} 


WEIGHT IN GRAMS OF 
MIXTURE AFTER 
EXPOSURE TIMES 

| Inhibitor | In Mixture} Coupons?_ |———-———— — 


Conc. of | Immersion 
Conc. of Paraffin Time for 


1 Hour | 72 Hours 
0.3066 | 0.2268 
0.2514 0.1827 
0.2790 avg. | 0.2048 avg. 
0.1562 0.1142 
0.1794 0.1288 

0.1215 avg. 


Inhibitor|In Mixture! | (Weight %)| (Minutes) 


None 


 ibeasihatinenioacsis Ms, 


1.0 vol. % 


0.1956 
0.1108 
0.1532 avg. 





1.0 vol. % | 


0.1140 
.19¢ 0.1374 
0.1803 avg. | 0.1257 avg. 
0.2283 
0.1751 
0.2017 avg. 


0.3197 
0.2565 
0.2881 avg. 

















1 Paraffin and oil from Bronte field, Coke County, Texas. 

2 Coupons are of mild steel, 1 inch x 3 inches x 14¢ inch; temperature of 
deposition was 128-130 F. 

3 Inhibitor is of the high molecular weight amine type. 
and water dispersible. 

4 Inhibitor is of the semipolar organic compound type. 
soluble in hydrocarbons, relatively insoluble in brine. 

5 High molecular weight imidazoline. 

6 High molecular weight aliphatic diamine. 


It is oil soluble 


It is completely 


surface was about five times as great as the amount 
of oil-inhibitor mixture which had been found to 
adhere to a similar surface in the test described above. 
This suggests that it may be possible to develop a 
heavy, low cost coating which will give almost perma- 
nent protection to the inside of casing. 
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Corrosion Rates of Steel Coupons 

Another portion of the laboratory work involved 
a determination of corrosion rates of steel coupons 
exposed in the vapor phase of systems having some 
of the characteristics of sour oil well systems. In one 
test a coupon and a glass device for holding the coupon 
were placed in a 150 cc capacity test tube equipped 
with a side arm, and the open end of the tube was 
sealed in a flame. The complete assembly is shown in 
Figure 1. The tube was evacuated to the limit of a 
good water pump, natural gas was injected, and the 
process of evacuation and filling with gas was repeated 
four times. The tube finally was evacuated, the desired 
fluid was drawn in and saturated with hydrogen sul- 
fide, and the side arm was sealed. 

The fluid for the various determinations consisted 
of 50 ce of crude oil, or 50 ce of brine, or 25 cc of 
crude oil and 25 cc of brine; in all cases a corrosion 
inhibitor in a concentration of 0.1 percent was added. 
The 50 cc of fluid in the tube was sufficient to cover 
the coupon, After an immersion time of one hour the 
tube was inverted and the coupon exposed in the 
vapor phase at room temperature, At the end of 
days the coupon was removed, cleaned, and weighed 
and the metal loss calculated in inches per year. In 
each case the inhibitor effected a reduction in corro- 
sion rate of more than 90 percent, as shown in Table 
3. The corrosion rate of unprotected coupons (no cor- 
rosion inhibitor present) was lowest in tests using 
oil only. This indicates that brine-free oil should be 
used for prevention of casing corrosion if no inhibitor 
is to be used. Results on protected coupons (corrosion 
inhibitor present) show that an inhibitor should be 
added to the oil, if possible. 

In a second weight-loss test the same type of appa- 
ratus was employed, but a 5 percent paraffin-oil mix- 
ture containing 1.0 percent inhibitor was introduced 
into the test tube to cover the coupon, The test tube 
assembly and fluid had been maintained at 130 F for 
two hours before the fluid was drawn into the test 
tube, After an immersion time of fifteen minutes the 
fluid was drained from the test tube through the side 
arm. A large hypodermic syringe fitted with a long 
needle was used for both filling and draining opera- 
tions. After the paraffin-oil-inhibitor mixture was 
drained from the tube, the tube was evacuated and 
flushed with natural gas in the manner described 
above. Ten to 15 cc of brine was introduced into the 
evacuated tube, and a 50-50 mixture of carbon dioxide 
and hydrogen sulfide was added to bring the pressure 
to atmospheric, The side arm of the tube was sealed 
and the tube inverted so that the coupon was in the 
vapor space. The brine was not allowed to touch the 
coupon at any time. 


During an exposure period of 34 days the tube was 
placed in an oven at approximately 130 F for 1% hours 
on each of 13 days, distributed irregularly over the test 
period. The repeated heating and cooling caused con- 
densation of moisture on the coupon and inside wall 
of the test tube, simulating to Some extent conditions 
in the annular space above the fluid level in oil wells. 
Results are shown in Table 4. All of the corrosion 
rates were low. By comparison with results on control 
coupons which had not been coated with any material, 
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a parailin-oil mixture without inhibitor was found to 
reduce the corrosion rate by 43 percent; 
paraffini-oil-inhibitor mixtures reduced the corrosion 


rate by 55 to 80 percent. 


Field Test, Sand Hills Field 
In June, 1954, a field test was started in an effort 
o: (1) Determine whether batch treatment down the 
tubing-casing annulus with oil containing corrosion 


INTERNAL CASING CORROSION IN SOUR OIL 


WELLS 












coated on the first inspection. On the third inspec- 
tion, at the end of approximately three months, re- 
sults were the same as for the second inspection. 
On the fourth inspection, at the end of approxi- 
mately six months, the subs in each well at 30 feet 
and in Well B at 1,500 feet were observed to have 
a complete oil film, as before. The subs in Well A 
at 1,500 feet had a heavier oil film than before, and 
oil was overilowing the tops of the collars. 


the various 


inhibitor would give complete coverage of the outside 


of the tubing, and (2) 
the oil-inhibitor film, 


the casing was impracticable but 
it was thought that inspection of 
the outside of the tubing should 
give useful information. 

Two pumping wells in the 
Hills field, Crane County, Texas, 
were selected as test wells. The 
tubing was pulled and pairs of 
tubing subs (each two feet long) 
were installed in the tubing string 
of each well at depths of 30 feet, 
1,500 feet, and 3,000 feet. One sub 
in each pair was turned in a lathe 
so as to have mill scale removed; 
the other sub was merely cleaned 
with a solvent. After the tubing 
string had been run back into each 
well, 15 barrels of lease oil con- 
taining 15 gallons of corrosion in- 
hibitor was pumped into the tub- 
ing-casing annulus in less than 15 
minutes. On the next day the tub- 
ing of each well was pulled for 
inspection of the tubing subs. 
Other inspections were made on 
later dates. 


Sand 


Results of Field Test 

Results of the 
tions of the tubing strings of the 
two wells are given in Table 5. A 


various inspec- 


complete oil film was found on the 
tubing subs in the course of the 
second inspection for each well. 
The elapsed time since injection 
of the oil-inhibitor mixture was 
then 28 days for Well A and 24 
days for Well B. The subs located 
at 30 feet and 1,500 feet in each 
well were obviously in the vapor 
space; the subs at 3,000 feet were 
below the fluid level. 

It is possible that continued 
drainage from above accounted for 
the fact that the subs in Well B 
at 1,500 feet were found to be 
completely coated on the second 
inspection, even though they had 
not been found to be completely 


Establish the length of life of 
The interest was primarily in 
the length of time an oil-inhibitor film would remain 
on the casing wall. Visual inspection of the inside of 





Discussion of Results of Field Test 

It was apparent that the subs at the 30-foot location 
in each well had the same appearance at the end of 
six months that they had on the second day after injec- 


TABLE 3 
Effect of Inhibitor on Corrosion Rates of Pre-Treated Steel Coupons in Vapor Phase 


Exposure CORROSION RATE 
Time in OF cou PONS (in yr) 


| Immersion | 

Com- | Time in | 
position | Liquid | Vapor - 

| of Liquid! (Hours) (Days) | 1 

| 0.00072 | 
0.00003 


Conc. of 

| Inhibitor 
Inhib- | In Liquid 
itor | (Vol. %) 


Reduction 
| Over Control 
| 2 Avg. os (%) 
0.00010 | 0.00041 | 
0.00003 | 0.00003 | 93 
0.00214 | 0.00187 | 0.00201 5 
0.00003 | 0. 00003 | 0.00003 


Oil 90 
0.1 Oil 90 


ay Brine 90 
0.1 Brine 90 


0.00145 | 0.00181 
0.00007 | 0.00006 


0.00217 
0.00005 


Oil and brine 90 
0.1 Oil and brine 90 


1 Oil ane thirkae from Penwell f fie Id, Ec tor County, Texas. 
2 High molecular weight imidazoline. 


TABLE 4—Corrosion Rates of Steel Coupons Coated with Paraffin-Oil or Paraffin-Oil- 
Inhibitor Mixtures 


Coupon 
Exposure CORROSION RATE 
Time in OF C OUPONS (in/yr) 
In- Conc. in | Mixture Mixture Vapor ——— — | 
hibitor| Inhibitor! (Wt. %) (Minutes) | (Days) 
None. ..| 0.00047 | 0.00040 | 
| 0.00024 | 0.00023 
| 0.00012 | 0.00010 | 
0.00017 | 0.00018 


0.00008 | 0.00008 | 


| | Coupon 
| Conc. of Immersion 


Reduction 
| Paraffin in Time in 
| 


1 No coating on coupon. 

2 Paraffin in this and following groups from Bronte field, Coke County, 
field, Ector County, Texas. 

3 Inhibitor is of the high molecular weight amine type. 

4 Inhibitor is of the semipolar organic compound type. 
tively insoluble in brine. 

5 High molecular weight aliphatic diamine. 


Texas; crude oil from Penwell 


It is oil soluble and water dispersible. 
It is completely soluble in hydrocarbons, rela- 


TABLE 5—Inspection of Tubing Subs, Sand Hills Field 


Conc. of | 
| Inhibitor 
Inhibitor | in Oil Date of Date of | 
Well 


Injected | (Vol. %) 


Injection | Inspection} Remarks 
Pein 1 2.4 


6-2-54 Few drops ot 


6-3-54 | All subs had complete oil film. 
| water on surface of oil at 30 feet. 


6- -30-£ 54 Subs at 30 feet and 1,500 feet had complete oil 
| film. Subs at 3,000 had been standing in oil. 
i! Fluid level was at 2,100 feet. 


Same as on 6- 30- 54. 


Fluid level at 2,500 feet. 


8-31 54 
Subs at 30 feet had complete oil film. Subs at 
1,500 feet had heavier oil film; oil was over- 
anaes tops of collars. Oil level appeared to 
be just above 1,500 feet. Subs at 3,000 feet 
had been standing in oil; both were bright 
when recovered, but the lathe-turned sub 
darkened rapidly. 


1 1-30-54 


Complete oil coverage at 30 feet. Incomplete 
at 1,500 feet. _Standing in oil at 3,000 feet. 
2-54 | Complete oil coverage at 30 fee feet ‘and 1,500 feet. 
Standing in oil at 3,000 feet. Fluid level at 
2,000 fee et. 
9-2 2- 54 | Same as on 7-2-54. Fluid level at 2,200 feet. 


| Subs at 30 feet wet with oil; very much like subs 

from other well at corresponding location. 
| Subs at 1,500 feet wet with oil. Subs at 
3,000 feet had been standing in oil. Fluid 
|__ level at 1,950 feet. : : 


12-2-54 












































































































































tion of the oil-inhibitor mixture. The manner in which 
the subs at 1,500 feet in Well A became heavily coated 
with oil has not been determined. Some of the possi- 
bilities are the existence of a tubing leak, a bubble of 
gas which pushed oil upward, or foaming. 


Cost of Injection of Oil-Inhibitor Mixture 

During 1954, the semi-annual injection of an oil- 
inhibitor mixture for prevention of internal casing 
corrosion was started into some 200 Humble wells in 
West Texas. The average cost of treatment per well 
was about $25. Included in this figure are the cost of 
corrosion inhibitor, labor, and use of pump truck. 


Conclusions 

1. The corrosion rate of mild steel exposed under con- 
ditions similar to those existing in the tubing-casing 
annulus of a sour oil well is substantially reduced 
by the presence of a suitable oil-inhibitor film, 

2. The addition of field paraffin to an oil-inhibitor mix- 
ture permits the deposition of a relatively thick pro- 
tective coating on a steel surface. 
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3. The rapid injection of copious quantities of a suit- 
able oil-inhibitor mixture into the tubing-casing 
annulus of a sour oil well gives complete coy erage 
of the outside of the tubing in the gas space, The 
film will remain intact for at least six months: 
because of this it may be feasible to use the above 
mentioned process for protecting the inside wall of 
the casing. 


DISCUSSION 
Question by John D. Sudbury, Continental Oil Com- 
pany, Ponca City, Oklahoma: 

What were the results of examination of tubing sur- 
faces other than the specially machined subs dis- 
cussed in the paper? 

Reply by J. A. Caldwell: 

Each string of tubing was installed several years 
prior to start of the test. No special surface prepara- 
tion of the tubing was made. The tubing appeared to 
have a good coating of oil on the outside six months 
after injection of the oil-inhibitor mixture. 





Any discussions of this article not published above 


Discussions on technical articles published in Corrosion 
will be accepted for review without invitation. Discus- 
sions must be constructive, accompanied by full sub- 
stantiation of fact in the form of tables, graphs or 
other representative data and be submitted in three 
typewritten copies. 

Authors of discussions are asked to supply one copy 
of figures suitable for reproduction and will be sent 
on request a copy of the NACE Outline for the Prep- 
aration and Presentation of Papers. 


will appear in the June, 1956 issue. 


DISCUSSIONS ON TECHNICAL ARTICLES ARE SOLICITED 














Discussions will be reviewed by the editor of Corro- 
sion and will be sent to the author of the paper 
discussed for his replies, if any. Publication will be in 
the Technical Section with full credit to the authors 
together with replies. Discussions to papers presented 
at meetings of the association may be submitted in 
writing at the time of presentation or later by mail 
to the editorial offices of Corrosion, 1061 M & M 
Bildg., Houston 2, Texas. 
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Introduction 


T IS OF PRIME importance to have information 

on the behavior of a structural material as a func- 
tion of time under load in environments of intended 
use. There has been sufficient experience in a multi- 
tude of applications with old materials such as metals, 
concrete, or brick to predict their behavior quite well 
while stressed under most conditions. Such wide ex- 
perience and understanding is yet to be obtained, 
however, for the reinforced plastics being developed 
for structural applications. 

The oil and gas production industry affords one of 
the most important large scale markets for glass 
fiber reinforced plastic tubular goods. These materials 
are made attractive to the engineer both by the light 
weight of the materials and by the possible elimina- 
tion of corrosion problems. In the above service, 
however, they would be subject to many types of 
loading forces such as tension, burst, and collapse. 
In addition the materials would have to be resistant 
to crude oil, gas, and salt water over a range of tem- 
peratures. 

Creep tests under constant load have been made 
on filled thermosetting resins.’** These tests were 
made in air only and gave no information as to the 
effects other environments might have on long term 
strength of plastic materials. Studies have been made 
of mechanical properties of reinforced plastics at low 
and high temperatures in air.*° Considerable effort 
also has been expended in improvement of the wet 
strength of glass fiber reinforced plastics,®"* but none 
of the test methods for this work used constant stress 
on the specimen during exposure to water. Because 
so little was known about performance of this ma- 
terial under constant load in oil or water, long term 
laboratory tests were initiated to obtain data that 
would be helpful in design and in indicating service 
life. 


Results of First Tests 

The tubing used in the first tests was constructed 
of roving and polyester resin. A fixed deformation 
type of tension test was selected because it provided 
one type of stress the tubing would be required to 
carry. A second reason this test was used was that 
the equipment needed was rather simple. In the tests 
the applied stress was 50 percent of the ultimate 
short term dry strength. Creep was measured with 
bonded SR-4 strain gages on the tubing, and stress 
Was maintained by increasing deformation as creep 
occurred, The tests were made in duplicate in air, 
salt water, and crude oil. 

After 14 days in air at 150 F when creep had be- 
come almost negligible, two samples were immersed 


*& Submitted for publication April 11, 1955. A paper presented at the 
Eleventh Annual Conference, National Association of Corrosion En- 
Sineers, Chicago, Illinois, March 7-11, 1955. 


Effect of Water on Strength of Structural Plastics * 
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Abstract 


Evidence is presented to show that glass reinforced 
plastics undergo substantial reductions in strength 
when exposed to water, Emphasis is placed on the 
importance of determining the total loss of strength 
by creep measurements in the environment and at the 
temperature of interest. Results from such measure- 
ments are much more revealing than the commonly 
used method of short term immersion followed by 
rapid ultimate strength measurements in air. Con- 
venient methods are described for obtaining compara- 
tive creep strength data for resins, for flat laminates 
and for pipe sections. Results obtained from these 
methods are used to indicate the most important 
factors which determine the wet strength of resin 
and of glass reinforced resin. 


in crude oil and two in oil field brine, The air test 
was terminated after three months and the oil test 
after ten months. In neither case did the tubes show 
signs of failure and creep was minor. 

It was found, however, that 2.5 hours after the 
tubes were placed in brine the loads dropped off one 
half and could not be raised by increasing the de- 
formation. Sixteen hours later the load could not be 
raised to one-tenth that carried in air. It was found 
that the tubes had been elongated sufficiently to cause 
necking down. 

This quick failure in simple water solution while the 
tube was stressed to only 50 percent of its dry tensile 
strength was unexpected. In a standard method for 
evaluating laminates, mechanical tests are made on 
the wet specimens immediately after removal from 
water in which they have been immersed for speci- 
fied periods of time. This type of test shows the 
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To Pressure Gage 


Steel Nut 
Steel Cap 
Rubber Gasket 


Tube Under Test 


_~  (15" Long) 


_7— Steel Rod 


O-Ring Seal 


Water Pressure 


Figure 1—Apparatus for hydraulic burst tests. 
The device is placed in a constant temperature 
oven. 


strength retention of polyester laminates to be good 
when glass fibers are coated with a 114 type chrome 
complex finish such as used on the roving in these 
tubes. 

Supplementary tests were made on glass fiber mat 
reinforced polyester tube samples in which constant 
internal or external water pressure was applied at 
different temperatures (110 F and 150 F). The ap- 
paratus is shown in Figures 1 and 2, and results are 
summarized in Table 1. Although no direct compari- 
son tests were made in air, the results from the ten- 
sile tests described and other experiments being 
made at the time indicated that the weakening was 
caused by water, The pressure test results at the two 
temperatures clearly showed that the deterioration 
was far more rapid at the higher temperature. 


Selection of Laboratory Test Methods 

The failures described pointed to a need for study 
of the factors which affect the strength of glass fiber 
reinforced plastics. Of interest were the effects of 
environmental factors (primarily water and tem- 
perature) and also the effects of fabrication variables 
such as different resins, their curing agents, curing 
cycles, and glass fiber finishes, The failure in tension 
and results of the pressure and collapse tests indi- 
cated the need for tests under constant load in en- 
vironments similar to those of the proposed exposure. 
Flat laminates were selected for this study because 
the preparation of samples was more convenient and 
the fabrication variables would be under better con- 
trol. 


Tests were made on samples from three different 
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_ SAMPLE 
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Tube Under Tes; 
(15" Long) 


To Pressure Gage /— Steel Pipe 


; . 5 3 
bi Water Pressure 


Apparatus is placed in 
constant temperature 
oven. 





O-Ring Seals 


Removable Head —- 


Figure 2—Apparatus for hydraulic collapse tests. 


TABLE 1—Constant Pressure Tests of a Polyester Resin-Glass 


Test Pressure’, psig 


6002. 

OP isc" 
3002. 
2002. 


5003... 


0.4 (rupture) 
16 (leaking) 
0.3 (rupture) 

(leaking 





| Rapid Strengths Data 


Temperature, Degrees F. psig at Rupture 


7. 1000 
1500 

f 1500 

é 800 


TYPE 
Burst... 
Buret. . 53. 
Collapse.... 
Collapse 


2 Internal pressure. 
3 External pressure. 
4 All external pressure test failures were by rupture. 


TABLE 2—Time to Failure of Glass Fabric-Resin Laminates Under 


Flexure Compression | Tension 
aicinicliabincetineisé! eaadcbicceinincoceiten: | pemaenengten 
2: | 450 


< 


polyester laminates in order to determine which of 
the most common mechanical tests (flexure, tension, 
or compression) would be best suited for the study. 
The specimens were immersed in tap water at 150 F. 
In all tests the constant load applied was 50 percent 
of the ultimate failure load of the same size specimen 
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in air at 75 F. In flexure the specimen supported the 
load at the center of a two-inch span; in compression 
the load was applied to the ends of the specimen 
which had a thickness to height ratio of one to four. 
The tensile tests were made on dumbbell type speci- 
mens with a two-inch gage length. 

As shown in Table 2 all specimens failed rapidly. 
The interesting observation is that all specimens 
showed the same relative order of time to failure. 
Therefore, the flexural test method was selected be- 
cause of its convenience. 


Constant Load Flexure Test Method 

Constant load flexure tests were made with the 
appartus shown in Figure 3. With this simple fixture, 
deflection-time and time to failure data can be ob- 
tained for flat strip specimens under simple beam 
loading midway between two supports. A wide range 
of constant flexural loads can be applied conveniently 
while the specimen is under environment and tem- 
perature conditions of interest. Flexural strength 
measurements were made on samples as received at 


75 F in air, and the results were calculated by the 
formula in the ASTM Method “Flexural Test of 


Plastics” (D790-49T). Initial stress calculations for 
specimens under constant load tests were made using 
the same formula. 

Deflection-time data obtained in this manner are 
dependent on many fabrication variables such as glass 
finish, type of resin, cure of resin, and reproducibility 
of cured resin characteristics (assuming a given 
orientation of glass is used.) These measurements 
thus provide a simple means of comparing effects of 
variables which produce relatively large changes in 
flexural strength. 

Table 3 gives data obtained from flexural deflec- 
tion-time measurements which illustrate the effect of 
water on flat glass cloth reinforced laminates. Al- 
though these data show that water appreciably af- 
fects the strength of both polyester and epoxy lami- 
nates, the latter show marked superiority in water 
resistance, It is of interest to note that the flexural 
strength of the epoxy sample which had been ex- 
posed to oil was unchanged when it was tested in air 
at 75 F. Flexural deflection-time curves for the epoxy 
samples are shown in Figure 4. 


Ring Crush Test 

The effect of water on glass reinforced plastic pipes 
is shown readily by a variation of flexural loading 
which may be called the ring crush test. In this test 
measurements are made of the deflection of a tubing 
rng under a diametrical compressive load. Ring 
crush strength can be measured by loading a ring in 
a standard testing machine until failure occurs and 
the load decreases. 

More informative constant load tests can be made 
with a modification of the constant load flexure test 
ixture. By replacing the loading tip blade with a flat 
disc and removing the lower supports, this fixture can 
be used to obtain deflection-time data which indicate 
the effect of environment. Admittedly the stress pat- 
tern is complex, and the data on tubes of different 
sizes and constructions cannot be correlated, In ad- 


EFFECT OF WATER ON STRENGTH OF STRUCTURAL PLASTICS 


Dial Gage 


Micro Switch 
to Stop Timer 


__ Contact 1/8" r. 
x 1/2" Wide 


Specimen 1/4"x 
3" x 1/8" Thick 


Span 2" 
Edge 1/8" r. 


Figure 3—Apparatus for constant load flexure tests. 


Epoxy Resin ( 
Initial Flexural Stress, 25,000 
Test Temp, 15 I 


Deflection, mils 








Time, hours 


Figure 4—Flexural deflection-time curves for flat laminate under 
constant load. 


TABLE 3—Time to Failure of Flat Laminates Under Constant 
Flexural Load in Air, Water and Oil 


TIME TO FAILURE AT 
150 F, Hour 

Flexural | —,— 

| 75F, psi | Stress, psi 


Flexural | 
| Strength | Initial 

Resinin | in Air at 
Laminate 


Water | Oil? 


51,300 | 
46,400 


25,700 
23,200 


Polyester A. ..| 
Polyester B... 


79,000 
79,000 


39,500 
25,000 


Epoxy C 


Epoxy C > 16002 


1 Creep rate practically zero after 215 hours. Test terminated. 
2 Test terminated. Flexural strength in air at 75 F unchanged. 
3 Heavy white oil. 


dition to this the data cannot be used for design pur- 
poses. Ring crush measurements are quite useful, 
however, for obtaining relative data for the effect 
of environment on a given tube or for determining 
the effect of different resins and cures on tubes of 
similar construction. Ring crush strengths were meas- 
ured in air at 75 F; rings for both types of tests were 
one-half inch wide. 


73t 
















































mils 


Deformation, 


Figure 5—Deformation-time curves for tube samples under 
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Glass Fiber Mat and Cloth 
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Load Applied, 12 lbs 
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| Mandre! Wrapped 

160 Load Applied, 24.5 lbs 
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Test Tem 
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0.1 0.5 1 5 10 50 100 
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Figure 6—Deformation-time curves for tube samples under constant ring crush load (load applied, 


24.5 pounds). 


TABLE 4—Effect of Presoaking in Water on Ring Crush Strength of Glass Reinforced 


Epoxy Resin Pipes 


TIME, HOURS 





Wall Time of Weight 
Thickness, Presoak, Gain, To 200 Mils 
Pipe No. Mils Days Percent Type of Glass Deflection 
4 111 0.003 siakeoas 150-114 83 
41 11] l 0.11 150-114 (56)? 
111 6 0.35 = | 150-114 18 
4 111 30 0.83 150-114 <0.02 
12 114 0.003 oe 140-120 PX (O.1)2 
12 114 l 0.54 140-120 PX 0.01 
12 114 6 1.5 140-120 PX xe 
12 114 30 2.5 140-120 PX oe | 
14 135 0.003 Or ECG-140, 7.3-L-1 | (66) 
14 135 1 0.14 ECG-140, 7.3-L-1 | 47 
14 135 6 0.33 | ECG-140, 7.3-L-1 <5 
14 135 30 0.79 ECG-140, 7.3-L-1 <0.02 


Load applied, 70 pounds; exposure and deflection measurements in 150 F water. 
1 Ring crush strength 196 pounds. 
2 Estimated values where data were insufficient to define curve accurately. 
3 Failure time was 1 hour under 40 pounds load. 
4 Failure time was less than one minute under 40 pound load 


Air, 150°F 


Water, 75°F 





constant ring crush load (load applied, 
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Examples of the effects of wate 





in constant load ring crush tests, 
various types of tubing rings a 
given in Figures 5 to 8. Figure sf 
shows that a glass mat and cloth . 
reinforced centrifugally cast poly-§ 
ester resin pipe had an apprec 
able creep rate in water at 75 Fy 
only 25 percent of the ultimat 
strength of the tube in air. At 150] 
the same tube deformed much mor, 
rapidly in water than in air unde 
the same load. Figures 6 and 7 shoy 
significantly greater deformatio; 
rates for a mandrel wrapped poly 
ester resin tube reinforced wit! 
glass roving when in water tha 
when in air at the same tempera. 
ture. Figure 8 contains curves oj 
which temperature sensitivity is 
shown for ring crush measurements 
on a mandrel wrapped epoxy tube 
In all cases the rate of deformatio: 
of tubes was significantly greater 
in water than in air. 

A useful variation of the ring 
crush test was employed with 
epoxy resin tubes which had such 
high ring crush strengths that com- 
parable constant load data in water § 
and air were difficult to obtain. The 
effect of water on these high 
strength mandrel wound tubes 
was demonstrated clearly by con- 
stant load ring crush measure: 
ments in hot water on samples 
which previously had been im- 
mersed without load in the water 
for different lengths of time, Time 
to failure decreased from as high 
as 93 hours on rings loaded five 
minutes after immersion in 150 fF 
water to practically zero time for 
rings presoaked one month. Ex- 
amples of these measurements are 
given in more detail in Table 4. 


Factors Affecting Wet Strength of 
Reinforced Plastics Resin 

Many factors affect the wet 
strengths of resins to a significant 
degree. The following brief treat 
ment is not intended to cover all 
cases, but rather to emphasize three 
of the factors which have beet 
found to exert a large influence 
on wet strength. These three fac 


tors are type of resin, curing agent, 





and curing cycle. 
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The effect of water on resins can 
be shown by measurements of the 
fexural strength of strips of unre- 


of wate; 
h tests ( Polyester Resin B 


j 5 OCF 136 Finish on Roving 
PINGS ar 


Fj inforced (cast) resins by methods 0 Mandrel Wrapped 

0 : nm ad ae Load Applied, 12.8 lbs 
igure that were used for the reinforced Ring Crush Strength, 49 Ib 
ind clot resins. The amount of water ab- 23 Test Temp, 150°F 


ast poly-— sorbed as a function of time is 
appreci-f shown in Figure 9. The effect of 
t 75 Fab the amount of water absorbed on 
ultimay the flexural strength is shown in 
At 150¢h Figure 10. Severe weakening of the 
‘fo resin was found to occurr very 
rapidly during the initial period of 
rapid water absorption. The weak- 


Deformation, mi 


~ 
' 


ich mor 
ir under 
d 7 shoy 


, ening elfect of water on Polyester 
rmMatior 


Resin A also is indicated by flex- 





; 3 : . 0. 5 10 
ed poly ural deflection-time measurements rime, hours 
ed withf under constant load, After a few ; 
: Spe Figure 7—Deformation-time curves for tube samples under constant ring crush load (load applied, 
ter than hours under load the creep rate for 12.8 pounds) 
‘emperi-f the strip in water increased sharply 


Irves of over that of the strip in air under 

otherwise identical conditions. Sim- 

ilar measurements on cast Poly- 

ester Resin B showed even greater 

differences between wet and dry a Resin D 
strengths. Figure 11 shows flexural ietacetinia Mandrel Wrapped 
deflection-time curves for both res- en rip it 
ins in air and water. 


‘ivity 
irements 
xy tube 
rmatior 


greater 


he rin : ° 
ms Extension of these measure- 


ments to other types of resins indi- 
ad such cates load carrying abilities also are 
lat com-F affected to varying degrees by the 
in waterf— presence of water. Constant load 
ain. Thef flexural deflection measurements 
se high on unreinforced strips of one of the 
most water resistant epoxy resins 
indicate that even this resin is ap- 
preciably weakened by water al- 
though the effect is not so rapid 
nor so great as for other resins 
tested (see Figure 12). ; 


2d wit! 


mils 


Deformation, 


(Xx Air, 150°F 





tubes 
by con- 
leasure- 
samples 
en im- 
ce In comparing this resin’s_ be- 
e, Time F havior with that of Polyester Resin 
as high fF A, it is interesting to note the 
led five F dependence of results on method 
1 150 FF of testing. Immersion in water at 
ime for — 150 F for a month produced no significant loss in 


Time, hours 


Figure 8—Deformation-time curves for tube samples under constant ring crush load (load applied, 
19.5 pounds). 


h. Ex — flexural strength in air at room temperature for the 
nts are} ¢poxy resin (see Table 5) as contrasted with nearly 
e 4, | 0 percent reduction for the polyester resin. 





That water also had adversely affected the epoxy 
ngth of F "sin was indicated by both constant load and flex- = ene 


Polyester Resin A, 


ural strength measurements on specimens immersed 
in hot water (Table 6 and Figure 12). Both types of 
measurements under these more severe conditions 
showed clearly that water reduced the strength. 
“f These results emphasize the importance of testing 
ver all F plastic materials under conditions as similar as pos- 
e three F sible to conditions of use. 


sin 


N 


1e wel Polyester Resin B, 150°F 
nificant 


F treat- 


_~ 


Polyester Resin A, 75°F 


Water Absorbed, 








> been The deterioration caused by water is not limited 
fluence F to thermosetting resins of the polyester and epoxy 

a ee Cra . wo ‘ : 20 30 
ee fac-— types. An indication of the reduction in strength 


¢ ‘ ‘ : ‘ F Days Immersed 
-agent,— Of thermoplastic resins is given by comparative 
flexural deflection-time data for three widely used Figure 9—Water absorbed by cast resins as a function of time. 
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TABLE 5—Effect of Water on Flexural Strength of Three Epoxy ( E show 
~ Resin Panels F 
4 cepstral | that 
* FLEXURAL STRENGTH unde 
pis. i aN ris ne epee leas 
n ‘ | After ened 
A. Cast Polyester Resin A é Original’, | Exposure?, | Change 
= Panel No. psi | psi | Percent 
hy —_———— | 
~ la. i wel 21,400 20,400 | 5 
< De i Seay aes 21,000 | 20,100 | a er 
t, BE at ps as 20,100 19,800 | 
= renee meee 
a Exposure: No load, 150 F. 1 month. glass 
Test Environment after Exposure: Air at 75 F. : 
c 1 Average of 5 samples. Maximum deviation among any group of five: dence 
om 11.2 percent. 5 : 
a 2 Average of 2 samples. Maximum difference in any pair: 13.1 percent, j cepu 
<= g 
bp una 
S by B 
vy TABLE 6—Effect of Water on Flexural Strength of Epoxy Resin 
= Cast Panel 2a at 150 F be tv 
7 = = ) Eg eee = s as Ww 
re CONDITIONS ress 
5 ——_,_—_______—_——__] Flexural Strength Change in ee 
m Exposure | Test Environment ! After Exposure, | Flexural Strength very 
© (No Load) After Exposure | psi | (Basis 150 F, Air e 
= eee were 
fy 4 days, air... .| Air 18,700! | 
1 day, Oif.. <0} Water 16,600 | - meas 
] 1 hour, water. | Water 15,900 f I 
5 days, water.| Water | 2 t 
% Water Absorbed at 150°F 5 mo., water...| Water 
| siren 
Figure 10—Strength as a function of water absorption. 1 Flexural strength in air at 75 F was 21,000 psi. than 
: ? Single measurement on this panel. Result is similar to those obtained This 
from two other panels of similar resin. All other results are average of five test 1S 
results. Maximum deviation among any group of five: 15.1 percent. olass 
glass 
from 
a er eobinick: -cnpcek aaa hoes ee , And 
viaias Halaeaieidaieiaac thermoplastic resins (Table 7). InfE : ; 
— — Cast Polyester Resin B water at 110 F under flexural loads fF 2" 
Initial Flexural Stress, : ~ a pe P fiber 
25% of Flexural Strength ranging from 15 to 25 percent oi 
Test Temp, 150°F a ; ‘ inv E 
a ee ae their flexural strength in air at 75 La 


F, strips of unplasticized polyvinyl fF glass 
chloride, styrene copolymer, andf This 
cellulose acetate butyrate deflected F acco 
1.7 to 9.6 times as much in water attri 
as in air under otherwise identical fF bon¢ 
conditions. In 

In addition to the behaviorf fore 
changes caused by water on resins fing 
of different composition, large dif F appl 
ferences in wet strength of somef desi; 
resins can be obtained by different F mole 
curing agents, An example of the fF resi 
striking differences obtainable from F be 
Epoxy C flat laminates by using > Mos 








, different curing agents for other- ing 
ee wise similar systems is illustrate! F Rep 
Figure 11—Flexural deflection-time curves for cast resins under constant load (cast polyester by the variations in time to failure resit 
resins A and B.) of four flat laminates under con- sake 
stant flexural load in water at 150F L 
a r 
(Table 8). aes 
Cast Steve Rosia c Considerable improvement in wet i 
Initial Flexural Stress, 3500 psi ~ < c by SI 
peuuekialeaa tines oe: strength can be produced te aa 
Test Temp, 150°F changes in resin curing cycle. An ' 
example of such a change was f !0r' 
3 shown in flexural deflection-time obte 
¢ measurements on two samples from Fat 1 
3 . . ; 
: the same cast Epoxy C panel. The f thar 
o " . 
§ panel had been cured at 212 F for Fano; 
two hours and then part of it was sery 
post cured for one hour at 400 F. E 
After 50 hours under the same con- a 
‘i > the desc 
stant load in water at 150 F, the ‘i 
5 0 3 sample which had not been post 
Time, hours cured showed a deflection of 2% = 
cou 


Figure 12—Flexural deflection-time curves for cast resin under constant load (cast epoxy ResinC). mils whereas the other sample 
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EFFECT OF WATER ON STRENGTH OF STRUCTURAL PLASTICS 


showed only 77 mils. It should be noted, however, 
that to date the most favorable resin type cured 
under optimum conditions still is appreciably weak- 
ened by exposure to water while under load. 


it is drawn into fiber. One advantage of this method 
of surface treatment would be the obtaining of a 
clean, reactive surface at the outset. The alternative 
to this is attempting to apply a coupling agent to 























paanee, glass which has been exposed to water vapor and 
n ° . * - . . 
—. Glass which has been treated with sizing lubricants as is 

4 Glass generally is considered to be a stable, inert current manufacturing practice. 
ie. Be. material unlikely to contribute to the weakness of 
i e $ . . . . . 2 2 

glass reinforced plastics in water. Considerable evi- Discussion 

D of five: dence exists, however, to contradict the popular con- The results obtained in this study emphasize the 
pescuall ception that the mechanical properties of glass are deteriorating effect of water on plastic materials. 


unaffected by common environments, Measurements 
by Baker and Preston*'® showed Pyrex glass rods to 
be two and a half times as strong in very high vacuum 
as When in contact with water vapor at atmospheric 
pressure. The reduction in strength was found to be 


Measurements have shown that the strengths of all 
polyester or epoxy glass reinforced plastics examined 
are reduced appreciably by exposure to water. This 
weakening appears to result from deterioration of the 
resin, the glass, and the glass-resin bond, The man- 


oxy Resin 


ans 

al Strengn very rapid ; only ten seconds exposure to water vapor ner in which water effects these changes is not yet 

—~ required to halve the strength of the rods as understood, but because resins of many widely dif- 
4 measured in een ferent chemical compositions are affected, it appears 
z It is also of interest to note that the long term probable that the change in the resin is of a physical 


strength of glass was found to be considerably less 
than the strength as measured in short term tests. 
This continued fatigue or decrease of strength of 
glass under constant load appears to result primarily 
from the continued attack of water. Experiments by 
Anderegg'' have confirmed the observations of Baker 
and Preston to show that the strength of glass as 
fibers is reduced by the presence of water. 


nature with the water acting as a plasticizer or in- 
— ternal lubricant for the movement of the large resin 
1 molecules. 

Results of rapid burst tests at room temperature 


le Tye have little value because the combined effects of heat, 


‘al loads 
rcent of 
ir at 75 
olyviny! 
er, and 
leflected 
n water 
dentical 


water, and constant load can cause pipes to fail 
within days or even hours at a small fraction of their 

Laminates made by applying resins directly to 
glass have been found to have poor wet strength. 
This undesirable behavior, to the extent that is not 
accounted for by effects of water on resin, can be = 
attributed both to deterioration of the glass-resin 
bond in water and to weakening of the glass. 


TABLE 7—Effect of Water on Flexural Deflections of Thermoplastic 
Resins at 110 F 
Initial 
| Stress in 
|Percent of 


| Flexural 
MATERIAL! | Strength 


Deflection’, | 
Mils | Ratio of 
Duration, ————-| Deflection, 
Hour | Air Water | Water/Air 


In order to minimize the effect of water on rein- 
each eo an < ~ re c aee finichec “—_ 4 Cellulose acetate- 
forced plastics, many types of glass finishes o1 coupl a aa | 48 21 53 510 | 9.6 
° age Ss AV 1A a\re dd, Sse Ss »S are ——_ arot ch ae AE a me oa ia. ¢ 
ns ee have been developed 1 hese finishes _ Styrene copolymer ‘ 1870 33 | 76 2.3 
applied to the surface as very thin films, They are eee et = 4 ; 
: : . y Pas Styrene copolymer 2 1870 : | 189 | 4.3 
designed to provide active groups on each end of the —_________— 
Unplasticized poly 


havior 
n resins 
rge dif- 
»f some 


ifferent — molecule which will bond to the glass and to the Siew chioctie’. ... 2: 1560 
- of the F resin to provide a more water resistant bond than can Unpatidand weir. 
: : ; : rinyl chloride | 35 56 
le from — be obtained by applying the resin directly to glass. vinyl chloride. . . . .| 1560 
J ing : f 7c , - ac 2A srecta re 74 : ee 
! re Most of this work has been directed toward provid- t Specimens cut from extruded pipe, ca. 0.12 x0.5x 2.5 inches. 
; ino j —— f : . ere 2 Deflections listed are those at termination of test minus the deflection 
a a ing improved finishes for use with polyester resins. nit, maaan: 
’ a “— Reports on the relative wet strength of polyester 
ailure rs sil e : ye 5 ae peeNaeen te : 
+ ae resin laminates made with various glass finishes indi- TABLE 8—Time to Féllere of fipeny C Lantantes Pragered 00h 
t 150 F cate that considerable improvement has resulted.*** Different Curing Agents 
; Lit ] a i ¢ j c Ss ) 2A ) is C © 7 »f- Sa ae eee oe = Se oe eee ee 
UL tle information h i been pul ni on the e sitesinde allied Time to Failure in 
: ; fectiveness f ishes Ss r ( , Tpes ot Sample Curing in Air at 75 F, Flexural Water at 150 F, 
tin wet tiveness of finishes for use with ot her types o mgt | Cute _ Se | ee 
. res f 3 x nce a Ss 6 Pg ’ ———— — 
‘ed by ay Limited experience in the authors’ laboratory ee ap a [ 
, An indicates > >rcial finis > st: ing’ 31D x 70,000 35,000 | <1 
‘le. An indicates no one commercial finish to be outst inding = | —— 10000 | si 
‘e was lor use with different epoxy resins. Comparative data 82 A 80,000 40,000 3240 
yn-time obtained from flexural tests of flat laminates in water . 
2s from — at 150 F indicated one finish to be significantly better : 
"he . , s a ° = i Flexural Strength of Laminates 
el, The ‘ , 7 ny ty ~sate sed Seen ‘ TABLE 9—Effect of Glass Finish on ; 
aa than two others with a particular resin. However, for Weide Cannsncs tend! te 18 F Gale 
. another epoxy resin no significant difference was ob- —————_———— 
“an served (Table 9). RESIN Type Glass Finish _| Time to Failure, Hours 
Experimental chlorosilane glass finishes have been nm * — 
ped i i uaa 1 fooay Betis. ins -oved chrome 
F. the described recently which are said to give good results “ens ” 
’ os : ‘ ‘ a ae Ct . 
n post With epoxy and phenolic as well as polyester resins.” eee aaa ee 
2 f . : . ° . = xv - I oved chrome 
of 2% Further study is needed on application of a suitable a tll See ee 


sample 


coupling agent to the fresh glass immediately after 
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burst strength at room temperature. No quick simple 
method is available for accurately assessing the hy- 
draulic load a glass fiber reinforced pipe will sustain 
owing to the large number of interrelated factors in- 
volved. 

To obtain service life information the material 
must be tested under environment and load condi- 
tions approaching as close as possible those of actual 
practice. To obtain an estimate of the effect of en- 
vironment or temperature on a material, or on ma- 
terials combined in a given manner, the constant load 
Hexure test and ring crush tests (for panels and tubes 
respectively) have been found to be useful. It is be- 
lieved these tests would be useful also to the manu- 
facturer who wishes to observe the effect of such 
fabrication variables as resin composition and cure 
or glass finish on wet strength. 
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The Determination of the Effect of 
A New Grass Killer on Application Equipment’ 


By J. A. KELLY, W. J. FALKENSTEIN and J. P. CARR 


Introduction 


YALAPON SODIUM SALT, technical, is a white, 

free-flowing powder which is readily soluble in 

water. It is made by neutralizing 2,2-dichloropropionic 
acid with sodium hydroxide as shown below: 


O 


‘OH 
() 


CT D0 wwe Oe + OR 


(Dalapon sodium salt) 


The sodium salt is soluble in water to the extent of 
37 grams per 100 grams at 20 C. It may be con- 
sidered insoluble in oils. The dry solid is quite 
hygroscopic and will pick up sufficient water from 
a humid atmosphere (90 percent relative humidity) 
to dissolve itself. Because of this fact a moisture 
proof container is required for shipping and storage 
purposes. In this respect the chemical resembles 
sodium trichloroacetate. 

Under certain conditions, Dalapon sodium salt will 
hydrolyze in aqueous solutions. The probable hy- 
drolysis reaction is as shown below: 

O 
E Heat 


CH; — CCl: — C H.0 > 


\ 
\ 


ONa - 
QO 1@) 


J 


I 
CH; — C — C — OH + NaCl + HCI 


(pyruvic acid) 


Application Equipment 


Early in the development program, laboratory in- 
vestigations were undertaken to determine whether 
or not a corrosion problem existed with spray 
strength solutions of Dalapon sodium salt when used 
in conjunction with metals commonly found in spray 
equipment. 

The equipment used to apply the solutions includes 
the standard types of high pressure sprayers, low 
pressure sprayers (less than 150 psi), and specialized 
sprayers such as are used for railroad bed work. The 
materials of construction of such sprayers include 
copper, brass (yellow), phosphor bronze, cold rolled 
Steel, cast iron, stainless steel (18-8), galvanized steel, 
and aluminum.? 

For the purpose of preliminary laboratory testing, 
steel, yellow brass, aluminum, and galvanized iron 


* Submitted for publication February 28, 1955. A paper presented at 
the Eleventh Annual Conference, National Association of Corrosion 
Engineers, Chicago, Ill., March 7-11, 1955. 
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Abstract 


Laboratory tests have been conducted to determine 
the possible corrosive effect of aqueous solutions of 
Dalapon sodium salt (sodium 2,2-dichloropropionate), 
a new grass killer, on the metals present in typical 
agricultural field sprayers. From preliminary study, 
it was concluded that solutions of the chemical could 
be used in agricultural field sprayers of standard con- 
struction with little effect on the materials of con- 
struction. In order to corroborate these findings, a 
standard production model agricultural field sprayer 
was obtained from the John Bean Division, Food 
Machinery and Chemical Corporation, for test pur- 
poses. The sprayer was operated for a period of four 
weeks using standard concentrations of Dalapon 
sodium salt in water and observations were made. 
From these data and from observation of the dis- 
assembled sprayer after testing, it is concluded that 
the chemical exhibited slight but not significant effect 
on the materials of construction. 
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Figure 1—Laboratory corrosion test unit, 


were chosen as metals representative of usual sprayer 
construction and corrosion tests were run. 


Laboratory Corrosion Test Device 
The test used simulated the situation found in a 

sprayer by providing for the following factors :* 
‘ 1. The time of exposure of test specimens to a given 
lot of solution was comparable to field practice. Cor- 
rosion data often is reported that was obtained in 
static tests where a metal specimen was exposed to a 
given agricultural chemical solution for extended 
periods. Under such conditions, breakdown of the 
chemical with resultant formation of corrosive by- 
products could occur far beyond that experienced in 
normal use of the chemical. 

2. Agitation was provided. Static tests often fail to 
provide the conditions of aeration present in a spray 
tank and thus do not expose the chemical to condi- 
tions as rigorous as in actual practice. Also, corro- 
sion inhibitors on occasion may show good protection 
in a static test, but fail to give protection under con- 
ditions of sprayer tank agitation. Without agitation 
of the test solution, this fact may be overlooked. 

3. The common metals of sprayer construction were 
included in the test. This was desirable in order to 
observe any unusual effects from the presence of 
dissimilar metals in the actual sprayer. 

Figure 1 shows the simple laboratory corrosion test 
unit used in the experiments which embodies the 
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‘who used Dalapon sodium salt were queried regard- 


factors previously discussed. A round five gallop 
battery jar fitted with a center-located, three-bladed 
propeller-type stainless steel agitator is the heart of 
the unit. In practice, the agitator is driven at a con- 
stant speed (approximately 600 rpm—this can be | 
varied if certain situations call for more or less 
vigorous agitation). The specimen rack, made from 
stainless steel rod, is designed to hold four metal 
specimens l-inch x 1%-inch, These specimens may 
be all of the same metal or may be of dissimilar 
metals. The temperature of the test may be con- 
trolled by the addition of a regulator (not shown), 

The unit described is useful in laboratory evalua. 
tion of the corrosiveness of agricultural chemicals as 
the test is rapid and only small amounts of materials 
are needed.* 


Test Results 

Most of the laboratory corrosion testing was done 
using the unit described above. Preliminary tests 
were run, however, using a static test in which a 
water solution containing four pounds of Dalapon 
sodium salt per gallon was placed in six ounce glass 
bottles; cold rolled steel strips 1%-inch x 3 inches 
were added and the bottles were stoppered. The 
solutions were kept at 75-80 F for 28 days and the 
pH remained constant at 4.5 during the test. The 
corrosion rate in ipy‘? was .00174. In addition, under 
the conditions of this test, slight pitting was noted. 

In a similar test of 14 days duration at 120 F an 
ipy of .155 was obtained with severe pitting. In the 
latter test, the pH dropped from an initial reading 
of 4.5 to 2.0. Inorganic chloride analysis showed 60.2 
percent of the Dalapon sodium salt had decomposed. 
From these data, it became apparent that marketing 
of concentrated aqueous solutions of Dalapon sodium 
salt in steel drums was out of the question inasmuch 
as temperatures of 120 F are commonly experienced 
in transit. For this reason the product is sold as a 
dry powder except for special shipments in insulated 
tank cars. 

Tests were run with spray strength solutions con- 
taining '4 pound of Dalapon sodium salt per gallon 
in the apparatus previously described. The data given 
in Table 1 illustrate that Dalapon sodium salt solu- 
tions at spray strength affect galvanized iron by 
removing the zinc. With zinc present, the steel 1s, 
of course, protected while the zinc lasts. With steel 
alone in the system the rate rises to .0945 ipy. 

Upon reviewing the work thus far described, one 
questions how well the laboratory data correlates 
with field experience. To learn this, various operators 


ing their corrosion experience with the material. 
Nothing much was gained in this effort, however, as 
all reports were negative (that is to say, no corrosion 
was noticed by the operators involved), This led to 
the idea of obtaining a new sprayer of typical stand- 
ard manufacture for the purpose of determining 
under service conditions the effect of the chemical 
on the materials of construction. 


“ Ipy (Inches penetration per year) = 365 X weight loss in grams + 
number of days of test X area in square inches X (2.54)3 x density. 
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Sprayer Testing 
A, Equipinent Used 

On a mutual cooperation basis, the John Bean 
Division of the Food Machinery and Chemical Cor- 
poration, supplied a new model 44-T, 50 gallon power 
sprayer for test purposes. The sprayer chosen was 
representative of a size frequently used in applying 
Dalapon sodium salt solutions and was typical of 
standard manufacture in all respects. 

The sprayer consisted of a 50 gallon steel tank 
fitted with a steel agitator mounted on a trailer, A 
single cylinder gasoline engine operated the agitator 
and the high pressure plunger-type pump. The steel 
tank had been Bonderized, the exterior painted and 
the interior coated with a vinyl-type plastic lining 
material. The agitator shaft was not coated. The 
portions of the pump exposed to solution included 
the cast iron valve chamber and the miscellaneous 
parts made of brass, stainless steel, steel, plastic and 
porcelain. The piping was made of ordinary steel or 
synthetic rubber hose. 

Galvanized iron was not present in this sprayer. 
The total area of steel exposed to solution has been 
calculated by the sprayer manufacturer to be ap- 
proximately 340 square inches. 


B. Test Procedure 

In order to arrive at a meaningful test procedure 
to be used with the sprayer, discussions were held 
with individuals expert in the field use of the chemi- 
cal in sprayers of this type. Thus it was possible to 
establish fairly well such factors as concentration of 
salt to be used, length of exposure, equipment clean- 
ing practices commonly used on farms, likely operat- 
ing temperatures, and length of storage of the equip- 
ment between use periods. On the basis of this 
information, the test procedure described below was 


decided upon. Operations were carried on in the 
laboratory building (see Figure 2 for a general view 
of the arrangement). 

The three methods referred to in the previous 
paragraph are the following: 


Method No. 1 


1. Before starting run, have mechanics remove cyl- 
inder head and valve chamber from the pump. Re- 
move from left cylinder the outlet valve and spring, 
Stainless valve cage, porcelain cylinder, brass 
plunger hold-down bolt, steel plunger washer and 
composition plunger. Wash all parts thoroughly to 
remove grease. Dry metal parts with acetone; dry 
porcelain and composition parts with a cloth. 
Weigh each part and record weights on data sheet. 
Photograph removed pump parts. 

. Have pump reassembled and sprayer hooked up 
with spray boom and nozzles, Photograph exterior 
and interior of sprayer. 

. Fill tank half full with Midland City water, start 
agitator and add 25 pounds Dalapon sodium salt. 
Add remainder of water (to 50 gallons total) and 
agitate for five minutes. Take an eight ounce 
sample from tank drain. Record temperature of 
solution in tank, 

. Spray out entire contents of tank to the sewer. 
Take eight ounce sample at end of run from tank 
drain. Record temperature of solution, then drain 
tank completely. 

. Fill tank half full with Midland City water, run 
unit five minutes while spraying. Stop unit and 
drain tank as completely as possible. Let stand idle 
one full day. 


EFFECT OF A GRASS KILLER ON APPLICATION EQUIPMENT 





Figure 2—Power sprayer used in tests. 


TABLE 1—Corrosion by Dalapon Sodium Salt Solutions at 1/2 
Pound Per Gallon in Laboratory Test (Agitated, No Inhibitor) 
Two Hours Exposure 


| Temper- | 

ature Corrosion 

Test | (Degrees Rate 
Number Specimen Metal(s) | F (ipy) 
Steel (alone). ae f 5.2 .0945 


Bees e ny, ee .00514 
Galvanized iron. . a | 7 528 
Aluminum... ves | se .0099 
DRS 6 aik-os18 eat ) .0016 


Steel ¢ wae os pavara } |) -1065 
Aluminum... ae : . + as | .0079 
Brass : Lieasaes } } | .0016 


* Metals listed in each test are all present electrically connected. Corro- 
sion rates given are for the individual metals in this situation. 


Method No. 2 

1. Fill sprayer as directed in Method No, 1. Take 
eight ounce sample from tank drain. Record tem- 
perature of solution. 

. Spray one-fourth of the contents of the sprayer. 
Shut off unit and let stand one hour. 

. Spray remainder of solution. 

4. Take eight ounce sample from tank drain at end 
of run. Take temperature of solution. 

5. Rinse sprayer as directed in Method No. 1—5. 


Method No. 3 

1. Fill sprayer as directed in Method No. 1, Take 
eight ounce sample from tank drain. Record tem- 
perature of solution in tank, 

. Spray one-fourth of the contents of the sprayer. 
Shut off unit and let stand four hours. 

3. Spray remainder of solution. 

. Take eight ounce sample from tank drain at end 
of run. Record temperature of solution. 

5. Rinse sprayer as directed in Method No. 1—5. 


Method No. 4 

1. Fill sprayer tank as directed in Method No, 1. 
Take eight ounce sample from tank drain. Record 
temperature of solution in tank, 

2. Spray one-fourth of the contents of the sprayer 
tank. Shut off unit and let stand over night. 

3. Spray remainder of solution. 

4. Take eight ounce sample from tank drain at end 
of run. Record temperature of solution. 

5. Rinse sprayer as directed in Method No. 1—5. 


The above schedule was repeated three times for 
a total of twelve runs. A thirteenth run similar to 


Method No. 4 also was included using Midland City 
water as a type of check run in order to determine 


Sit 
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how much iron was: supplied by the water alone. by a farmer in the course of using this weed killer) yapue 
Analysis showed this to be nil. on his farm. For example, allowing the sprayer jf TA § 
On reviewing the test procedure, it can be seen stand over night three-fourths full represents the 
that allowance was made for a considerable variety kind of thing that happens when a farmer’s activity 
of situations such as might logically be encountered might be interrupted by adverse weather, Except inf 
unusual situations, Dalapon sodium 
TABLE 2—Summary of Iron Analyses on Spray Solutions From Test Runs With John Bean salt would not be used continy. 








; ‘ ; META 
Sprayer ously by a farmer. For this reason # —— 
7 ei : ¢ 38 Alu 
alternate periods of use weref Mids 
Analyses (Total Solids Basis) Re : Yellow 
ake —_———. thought to be necessary in order Galvan 
Time of Minutes Fe Increase oe es ne ¢ 
Sampling Solution Fe (+.005) | Gms/50 Gals to evaluate the effect of trace == 
Sz 2 N e | . f a e ° * 
Sample Number 2 _During Run In Tank Gms/50 Gals During Run amounts of the chemical not re vs 
ee ERY RRNA SEY Sart : 5. aeEee oners moved by the rinsing procedure, 

1-B. Sy oe < End 5. | 1.0630 and | 
Start 75 0.3785 C. Test Data from Sprayer Runs S to tt 
end Fae sans Samples of solution taken at thef edt] 
Start 4.6 0.2878 beginning and end of each tey§ to lo 
End é 4.6 0.7115 were analyzed for pH and percent has | 

Average! iron, The iron analyses are given Sodit 
Start 5. 0.6750 in Table 2. is su 
End 5. 0.4540 A corrosion rate for the 340— * 
— =< sa) Aen eet ey As ere cant Soa _ salt | 
Start 4.7: 0.2584 square inches of exposed steel in | 
0.0916 : t 
End 7: 0.3500 the sprayer was calculated using ne 
Sait : 0.4070 the total amount of iron found > '° 
' . 865 ; ° : trom 
Rad 3 — O.n8m0 analytically, in the solutions. It W 
: i 272 J ) mi as 
5 — was found that 13.108 grams of iron 
Average? .. 0.4783 aa ¢ : sodit 
ls were removed. The ¢xpostre tiem 1. 
“6 Start é 5. 0.4650 i ey wn ° paris 
0.2370 was 3.88 days. The corrosion rate 
End 275 5. 0.7020 : Fee /— cent 
of steel in this test was calculated i 
Start 5 0.4165 : n 
0.6055 to be .0282 ipy. 
End 28: 4.6 1.0220 . _p Dala 
In addition to the chemical 7 
Start : 4.6 0.5300 . on 1 
0.7290 analyses given above, data wer> ., , 
End | 6 1.2590 ‘ eer vx a : 
Re Kaas obtained regarding weight loss orf over 
erage’ . . 0.5238 mek ie ° 
—- ph eed gain for several of the small parts spra 
‘ c 
Start é | 38 0.0852 > res f . 2 = , 
; ’ . 1.4466 removed from the sprayer pump. In 
End es 1.5318 Ly These data are summarized in repo 
Start 5 | 0.4165 Table 3. There was little effect Bory 
End 1490 4.2 2.1780 noted on these metals either in the 
Start 5 4430 weight lost or in change in ap Barr 
pi esate 9320 es : 
End 1399 8 | 2.375 pearance upon examination, Dal: 
- ; Average’. pate 7134 ; ‘ 5 Ae to si 
ze , ee i es at ESN ee, _ D. Examination of Sprayer ia 
— Se = = a eapaa Sere ‘ 
> above six tabulations were all for Test Method No. 1. Af ter T esting ( 
» above six tabulations were all for Test Method No. 2. 5 ae ee ) 
» above six tabulations were all for Test Method No. 3. Inspecti OF individual com- ! ‘ 
» above six tabulations were all for Test Method No. far nuc 
ponents by the sprayer manulac fF 4, 
turer’s laboratory personnel re TCA 
TABLE 3—Tabulation of Weight Loss or Gain for Pump Parts vealed onlv the typical appearance F ‘ 
ee a a : < ' ion, 


€ normally expected to be seen m™ 
RE Ene eee sprayers exposed to other gener F ‘™ 
n Grams ’ e oo le’ 4 

: = ally used agricultural chemicals 


Pump Type of | | Loss or 


Part Identification Metal or At Start | At End | Gain in under comparable conditions. No f sepa 
No. of Pump Part Material | of Test | of Test | Weight Remarks chemical effect’ on the stainless calle 
1219610 | Valve Cage Stainless Steel 12.040 12.040 | None | steel, brass or coated steel parts — usec 
ara 5 Se et ane ne 2 > (was noted. No indication of owe sodi 
Assembly: eters 11.833 11.8288 .0042 A spot of solder (5! : “ ‘ ‘ hn f the . 

sein ale | odeeietiecs tecnanaeee | | “eeseeat Peis. mE Os other deterioration of t item 
Dise Part Chrome Steel | .0630 | 8.0588 0042 percent Sn) was on synthetic rubber hoses or pump with 

1222355 - ~ wa —— | the disc and may < : i ae. 
Spring Part Stainless Steel 3. | 3.770 None account for the plunger packings was found. Ex- Tab 
f feat J |_weight loss. Ss posed steel and cast iron parts F 
"] 


1373 were moderately affected as evr 


1216829 14% inch ID Cyl- Ceramic 137.4290 | 137.5663 
| denced by a light rusting of the 


inder Type | Porcelain 
AB-2 


1219800 | Cup Washer Low Alloy Steel | 9.9170 | 9.8350 | —.0820 surfaces, 


— accion a 


13.6431 | —.0009 | ern Discussion 


1112014 | Brass Cap Screw Brass | 13.6440 

inch—18 x (Muntz Metal) | | 

% inch | 

1216827 | 14% inch Plunger Plastic a 
Packing 


k ; Fs aan hsoiha Sia alcatel teats Field experience with Dalapot 
| 5.3800 —.0100 | sodium salt solutions, the operat 
| | ing test with the power sprayét 
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TABLE 4—Comparison of Corrosion Rates of Uninhibited Sodium 
TCA Solution (50 Percent) With Dalapon Sodium Salt Solution 


(6 Percent) 


Corrosion Rate (Mils per Year) 


6 Percent 
Dalapon 

Sodium Salt, 
2 Hours 


50 Percent 
Sodium TCA 
(Static, 21 Days) 
METAL (Alquist-Wasco)* 
3S Aluminum acta’ Kev Disintegrated 9.9 
Mild Steel Ay wks ciel aoe | 94.5—(28.2) 
Yellow Brass (70-30)... Sach ee | 1.6 
Galvanized Iron. : White Precipitate 528 


* At Room Temperature, 
** At 75-80 F. 


and laboratory corrosion testing have all contributed 


to the knowledge of the effect this chemical has on 
equipment. To further develop this picture, it is well 
to look at another similar agricultural chemical that 
has been used for several years and see how Dalapon 
sodium salt compares with it. Sodium trichloroacetate 
is such a chemical. It is in the same chemical family 
as Dalapon sodium salt and is both a water soluble 
salt and a grass killer. 

It is not possible to find exact comparisons with 
the two chemicals as the data available were obtained 
from different tests. However, data by Alquist and 
Wasco* regarding corrosion rates for uninhibited 
sodium TCA solution shed some light on the com- 
parison if the differences in test methods and con- 
centration are kept in mind (see Table 4). 

In the comparison made in Table 4, it is seen that 
Dalapon sodium salt solutions show a greater effect 
on iron than do sodium TCA solutions, The effect 
on aluminum appears considerably improved, how- 
ever. It is important to note this fact as aluminum 
spray booms and guns are commonly used. 

In regard to galvanized iron, the white precipitate 
reported in the static test for sodium TCA indicates 
formation of reaction products of the zine which in 
the agitated test with Dalapon sodium salt were 
carried away. Thus, on the basis of this comparison, 
Dalapon sodium salt solution appears to be similar 
to sodium TCA in regard to its corrosive effect on 
metals of sprayer construction, 

Obviously, the comparison just made was open to 
much question so laboratory tests were run using 
the equipment previously described and with sodium 
TCA and Dalapon solutions of the same concentra- 
tion, Test conditions were kept constant as regards 
temperature, vigor of agitation and exposure time. 
In these tests, each of the test metals were run 
separately and in combination. Conditions of the test 
called for a temperature of 75-80 F, The sodium TCA 
used was a regular inhibited sales item; the Dalapon 
sodium salt used was an uninhibited regular sales 
item. Concentration was 12 pound salt per gallon 


with a two hour exposure. Other data are given in 


lable 5. 
From the data in the lower half of Table 5 where 


(Agitated )** 
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TABLE 5—Comparison of Corrosion Rates (mpy) for Dalapon 
Sodium Salt Solution With Sodium TCA Solution Versus Various 
Metals 


Corrosion Rates (Mils per Year) 


Sodium TCA 
0.5 Pound /Gallon 
Commercial 
Sample—!Inhibited | 


Dalapon 
. Sodium Salt, 
METAL 5 
Pound /Gallon 

Mild Steel (alone)... ae 11 9 
Galvanized Iron (alone) . i 143 61 
Aluminum (3S) (alone). aa Sade 48 1 
Yellow Brass (alone). aaa ] 


Mild Steel........ ) 3 
Galvanized Iron. ..| Same 332 
Aluminum (3S)... xe Test 68 
Yellow Brass. . a sha) 1 


corrosion rates are given for the metals, electrically 
connected as in a sprayer, one would expect the two 
chemicals to affect application equipment to about 
the same degree. In this connection it is inter- 
esting to note that the authors have yet to learn of 
a sprayer damaged by sodium TCA solutions. Be- 
cause the action of the two materials is similar, it 
seems reasonable to expect that the Dalapon sodium 
salt solution will not cause any greater practical 
problem, 
Conclusions 


Dalapon sodium salt has been found to have a 
corrosion rate of .0282 ipy for mild steel when tested 
in an agricultural field sprayer. Laboratory corrosion 
tests designed to simulate the corrosion situation in a 
sprayer gave rates higher than this—rates being ap- 
proximately three times as high for steel (.094 ipy). 

On the basis of critical examination of the sprayer 
after the test, it is concluded that Dalapon sodium 
salt can be used in ordinary spray equipment in 
typical use with little effect on the materials of con- 
struction. The small laboratory tests have 
proven useful in that a more complete picture was 
obtained of corrosion possibilities inherent in the 
chemical. This was done at an early date in the 
development program so that label recommendations 
could be written recommending proper use and clean- 
ing practices for the new chemical as it was being 


scale 


introduced. 

Comparison of Dalapon sodium salt corrosion rates 
with rates obtained for sodium TCA, a grass killer 
with considerable use history, indicate the two chemi- 
cals to be similar in action on materials of con- 
struction. 
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Introduction 
HE CONDUCTOMETRIC METHOD of fol- 
lowing the oxidation of a metal was first used by 

Pilling and Bedworth’ to study the oxidation of 

calcium. Palmer? and Dravnieks* have applied the 

method to copper. The use of this method is possible 
because of the fact that the conductivity of oxides is 
negligible compared to that of metals. As a result 
of this the decrease in conductivity of a metal wire 
or ribbon undergoing oxidation can be used to meas- 
ure the rate of oxidation. 

The conductometric method has the following ad- 
vantages: 





1. The technique of measurement is simple and 
lends itself to automatic recording. 

2. The progress of the oxidation can be observed 
continuously. 


Ww 


. The entire oxidation curve can be obtained with 
one specimen, 

4. The method gives a direct measure of the amount 
of metal consumed. Because of this the oxidation 
rates of metals can be compared directly without 
detailed knowledge of the composition of the 
oxide phase. 


Recently in this laboratory there was a need for a 
quick, simple method of surveying the rates of oxida- 
tion of iron in different oxidizing environments in the 
temperature region of 600 C. The conductometric 
method seemed best suited to this purpose; this paper 
describes the experiments performed in dry oxygen 
to test the validity of the results. 


Theoretical Approaches 


One of the oxides of iron, magnetite, has a high 
conductivity compared to most oxides.* At elevated 
temperatures this conductivity amounts to several 
percent of that of iron. Hence, in applying the con- 
ductometric method to iron, one might expect the 
results to be in error, especially after considerable 
oxidation has taken place with the oxide phase con- 
stituting a large fraction of the wire. The simple 
analysis described below was developed to determine 
what this error might be. 

Consider first a metal whose oxide has negligible 
conductivity compared to the metal. If the metal is 
in the form of a ribbon whose width is large com- 
pared to the thickness, the thickness of metal at any 
time during the course of an oxidation is directly 
proportional to the conductance. The thickness of 


% Submitted for publication September 6, 1955. 
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Abstract 











The conductometric method is used to study the oxi- 
dation of pure iron in the region of 600 C. Iron 
ribbons of known thickness were used in the tests 
and the conductance of the central portion of the 
specimens measured by the potentiometer method. A 
constant current of 50 ma, small enough to prevent 
heating even in vacuum, was used. It was found that 
the conductivity method gives a true measure of the 
thickness of iron oxidized and yields results that are 
in agreement with those obtained by the gravimetric 
method. 

An analytical method of measuring the amount of 
unoxidized iron remaining in specimens is described 
briefly. 


metal oxidized (on each side) is given by the follov- 
ing equation: 


ra t(1 an'hihed, OE 
where to is the original thickness of the metal, and 
Kk) and « are the original conductance and the con- 
ductance at the given time, respectively. 

If the conductivity of the oxide is not negligible 
compared to the metal, « is the sum of the cor 
ductances of the oxide and the metal phases, and: 
calculated from the measured conductance is in error. 
To determine the error at different stages in the 
oxidation, let 1/n be the fraction of to remaining as 
iron at any given time. Then the thickness of the iron 
and oxide phases, respectively, are: 

tre = to/n (2) 

toxiae = (1 —I/n) to (3) 

where ¢ is the familiar volume ratio of the oxide to 
the metal from which it is formed. Expressing « and 
ko in terms of the appropriate thickness and con- 


ductivities, and substituting into Equation (1), one 
obtains: 


sc) sa ake 
where the o’s are the specific conductivities. 

When the conductivity of the oxide is negligible 
compared to the metal, 7 is equal to the first term of 
Equation (4). When the conductivity of the oxide is 
not negligible, the value of 7 calculated from the con- 
ductance is too small by the amount given by the 
second term of Equation (4). Hence, the fractional 
error in 7 is given by: 


(4) 


Ore 


Goxide 


a 5) 
i Tie ( ; 


Equation (5) indicates the important fact that the 
fractional error in 7 is independent of the amount 0! 
oxidation, depending only on the volume ratio. % 
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P and the ratio of the conductivities. Hence, in a para- nace. Suitable pumping equipment and gas supplies 
Hh bolic plot of t against the square root of the time, the were attached. 

e shape of the curve is not altered by the oxide con- The conductance of the central portion of the speci- 
ductivity. [f the oxidation follows the parabolic law, mens was measured by the potentiometer method. A 
the correct rate constant can be obtained simply by constant current (50 ma), small enough to prevent 
increasin’ the observed rate constant by the fraction heating even in vacuum, was used. 

; : vy nti 5 rh . e ° 
given by Equation (5). The conductometric method calls for a high con- 
In the case of iron the oxide phase consists of three stancy of temperature during oxidation. This was 
oxides and only the magnetite contributes to the con- obtained by means of a Putmo proportional con- 
ductance. To determine the error to be expected in troller, set so that the off-on-off cycle was about 40 
conductivity data, it is necessary to know what seconds, The regulating thermocouple was heavy 
iraction of the oxide phase is magnetite. The com- gauge chromel-alumel and was placed close to the 
le OXi- position of iron oxide scales has been carefully studied winding of the furnace, 
Iron Pian Cs ad: De ee ER g yv Paidassi © we ; . 5 9 
ee DY “onan <.. sens gatotceton — by Paidassi.® The procedure followed during an oxidation was 
eS Ff Paidassi also has show é > relative frac s : ; ; 
rf the —— chidinn 4 shown that the re — a ee ol as follows: The as-rolled specimen was degreased in 
the re OX a >M< 3 Ste ring’ Ox1d¢e : ae * ¢ 
iod. A the different ides remain const int during oxidation acetone. then heated in dry hydrogen at 875 C for 
revent at constant temperature. Using these data and con- 10 1 Se Nets eR Eauilibri 
d that ie, Aue nw sein and pit font eles 0 hours to anneal and to recrystallize. Equilibrium 
ag ductivity data for iron and magnetite, and taking — a 
of the ; : ™ yA tas: was established at the reaction temperature. Then 
at are y==2, the percentage error has been calculated for See a. ee mae 
a ier ‘ ( Table 1). TI It the hydrogen was pumped out (to less than 1 micron) 
netric iferent temperatures (see able le results z “6 : : / 
we : ; ae and argon (purified over calcium at 425 C) was 

; indicate that the error due to magnetite conductivity ; res . 

int of lieibl acl ‘on 00 to 600 C. Belov admitted. The argon was pumped out to 50 mm 
‘ribe is negligible except in the region 500 to 6 . Below wie: oie 
ribed Bus - mercury and the oxidation started by admitting dry 


300 C the conductivity of the magnetite is too low to 

. cause significant error. Above 600 C the fraction of 

> follow- magnetite in the oxide is so small that its high con- 

ductivity is offset. The error is greatest at 570 C 

but even there it is only as large as the experimental 
error generally encountered in oxidation studies. 


oxygen to a pressure of 760 mm mercury. The con- 
ductance of the specimen remained constant from 
the time equilibrium was established until the oxygen 
was admitted. 






(1) 
, Results and Discussion 

The important point brought out by this develop- 
ment is that the fractional error in conductivity data : 
is constant during oxidation so that the shape of the men was measured at room temperature just before 
parabolic plot is not altered. and after the oxidation. Since the conductivity of 


tal, ani In several of the runs the conductance of the speci- 
the con- 


li gible 
oo". . ~ 
magnetite can be neglected at room temperature, this 


he con- 
— Experimental Approaches offered a means of checking the results obtained at 
in error. The conductometric method is valid if only the elevated temperature. The comparison is shown in 


in the} formation of oxide changes the conductivity. The Table 2. The final values of + obtained from the high 


ning as— solution of a gas in a metal may alter the conduc- 
the iron — tivity if the solubility is large enough. Diinwald and TABLE 1—Percent Error in iron Conductivity Data Due to 
are i Conductivity of Magnetite 
Wagner’ have shown that the solubility of oxygen in ’ Sa 


~ a anee 











0 iron between 800 and 1000 C is less than 0.01 percent. Tempera- | Conductivitys | Conductivity® a 
No effect of oxygen solubility on conductivity could Dec. | ase: | Seer” | eee eee 
Ge father scaad <4 es ne cine Fpigeinerarreiog Mhaas —_— | | | | 
be discer ned in the present work, Also, recrystalliza- on ox 108 69 00 
xide tof tion of iron is thought to affect the conductivity. In = 2. — — 7 
these experiments the conductivity was stabilized by a = —|—— 
g « and se experiments the conductivity was stabilized by oe : | or or 
1d con- heat treatment. 600 , 350 50° 
: : . * 525 “ 36 25¢ 
1), one § High purity iron (99.99 percent) obtained from ee ce ee ane 
7 | 380 Bi 
A. D. Mackay, Inc. was used. It was rolled into strips 800 9 tt a 
approximately 0.001 to 0.002 inch thick. Small ribbons 5 I Ee aaa a a 
(4) F 15 inches long and 0.060 inch wide were cut with a © Vadees dheubind feces Mibtals Mentineke weaae aie (0Ue. 
die from the strips; the thickness was obtained ac- tiMidtonene 
lioibl curately from the area, weight, and density. The 4 Values obtained from reference 6. 
sligible : ; os i , 
5 ribbons were split back 14 inch on each end, and 
erm of 3 yin, m _ ae od oe eae TABLE es of Results Obtained by Different Metheds 
+4 ; current and potential leads of iron thermocouple wire : ae a - o 
: : : Fr | 
xide Is F were spot welded to them. A constantan wire also | ~ Final « 
; a ‘ Cal-_ | Final< 1- 
1€ cok F was spot welded to one of the ends to measure the | cee) cae | ens. | 
> the » 7 ¢ es ee Sa a | | Oxida- From rected | From | Final+ 
by the § temperature of the specimen. The wires were brought tion. |Reaction| “For | Room | Gal- 


Tempera-| Oxide 
ture Conduc- 
Data, | tivity, 
u | t 


ctional F out through ceramic insulators within a long quartz Speci- | a 


tube, and waxed to make a vacuum tight seal. The men | to, =| 


Tempera-| culated 
Number | 
| 


ture | by Other 
Data, Methods, 


- p luartz tube was mounted in an O-ring slip seal so 
() F that the iron specimen could be moved within the 
at the furnace tube without affecting the vacuum. The fur- 
unt of f Mace tube was a large quartz tube, long enough so nos a 


3 : . ° ¢ ® Oxide | flaked off. 
that the specimen could be withdrawn from the fur- > Oxide layer faked o 


| 
| 


34 
10.92 
3.65 
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THICKNESS OF IRON OXIDIZED, microns 








(TIME)<, “a” 


Figure 1—Typical results of oxidation of iron specimen at 600 C in 
700 mm mercury of dry oxygen, to. — 28.7,. 


TABLE 3—Parabolic Rate Constants of Iron Oxidized in 
700 mm Mercury of Dry Oxygen 


RATE CONSTANTS, »/Min!/? 








| Calculated 
Tempera- Region Average | From 
Specimen to, ture, CD of for First | Data of 
Number we Degrees C Figure 1 400 Min. | Reference 4 

4 28.7 605 0.43 0.41 0.43 
5 28.1 605 0.46 0.44 0.43 
6 59.0 605 0.58 0.48 | 0.43 
7 58.0 550 | 0.18 ree | 17 


temperature data are given in column 4; they were 
corrected by the method described above, The cor- 
rected values are given in column 5 and may be 
compared to the values obtained from the room tem- 
perature data given in column 6. It is seen that the 
correlation is good, 

In some cases it was possible to check the con- 
ductivity results by other methods, For specimens 
in which the oxidation had not been carried too far, 
it was possible to flake off the oxide layer by gentle 
bending of the ribbon. The dimensions and weight 
of the iron strip remaining were measured and the 
thickness calculated. For specimens from which the 
oxide could not be easily removed, an analytical 
method’? was used to obtain the weight of unreacted 
In this analytical method specimens were pulverized in a saturated 

solution of copper sulfate and left on a magnetic stirrer for about 

18 hours, Metallic iron went into solution, displacing copper ions; 

oxides were unaffected. The solution was made acidic with acetic 

acid, and the oxide, and displaced copper filtered off. Filtrate was 
made basic with excess NHz3 precipitating the iron as the hydroxide. 

Hydroxide was filtered off and dissolved in 1:1 HCl. The iron was 

reprecipitated to remove traces of copper and redissolved. The final 

solution was analyzed for iron colorimetrically by the mercaptan 


acetate (thioglycolate) method. The author is indebted to Dumas 
Otterson for help in developing this procedure. 
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Any discussions of this article not published above 
will appear in the June, 1956 issue. 










iron remaining in the specimen. With this and the 
area, the thickness was calculated. The values of - 
obtained by these methods are given in column 7 
They compare well with the conductivity results, 

A typical oxidation curve, obtained from conduc. 
tivity data, is shown in Figure 1. This is a parabolic 
plot of the thickness of iron oxidized against the 
square root of the time. The oxidation follows the 
parabolic law initially until about 2.54 of iron haye 
been oxidized (region AB). Then the oxidation pro- 
ceeds faster than parabolic for a while (region BC). 
then passes into region CD where the parabolic lay 
again is obeyed (but with a somewhat larger rate). 
When about 85 percent of the iron has been oxidized 
the rate begins to drop off due to the lack of iron 
(region EF), 

In the thinner ribbons (to = 25) there is a region 
between 65 and 85 percent of iron oxidized (region 
DE) in which the rate increases and follows a linear 
law. This probably is due to cracking of the oxide 
film caused by the strain set up in the specimen by 
the formation of the oxide scale (the ribbons were 
noticeably curved at this stage). Dunnington, Beck, 
and Fontana*® have observed a mechanism of scale 
formation on iron pertinent to this behavior. 

The values obtained for the parabolic rate con- 
stants corresponding to the region CD in Figure | 
are presented in column 4 of Table 3. These listings 
have been corrected for magnetite conductivity, In 
column 5 are given the average rate constants for the 
first 400 minutes obtained by drawing the best line 
through the points. Such a line is shown in Figure | 
and the points lie as close to the line as in the case 
when a gravimetric technique is used. 

The rate constants of Davies, Simnad, and Birch- 
enall® have been converted to units of microns of iron 
oxidized per minute* using the oxide scale composi- 
tions given by them; namely, 50 percent Fe,O, and 
50 percent FeO at 600 C, and 100 percent Fe,O, at 
550 C. These converted values are given in column 6 
and agree favorably with the author’s rate constants. 

In conclusion it may be stated that the conductivity 
method can give a true measure of the thickness of 
iron oxidized and yields results that are in agreement 
with those obtained by the gravimetric method. 


References 


.N. B. Pilling and R. E. Bedworth. J. Inst. Metals, 29, 529 
(1923). 

. W. G. Palmer. Proc. Roy. Soc., A103, 444 (1923). 

. A. Dravnieks. J. Am. Chem. Soc., 72, 3761 (1950). 

. E. J. W. Verwey, P. W. Haayman, and F. Romeijn. J. Chem 
Phys., 15, 181 (1947). 

5. M. H. Davies, M. T. Simnad, and C. E. Birchenall. Trans. 
AIME, 191, 889 (1951). 

. J. Paidassi. Trans. AIME, 194, 536 (1952). 

.H. Diinwald and C. Wagner. Z. anorg. allgem. Chem., 199, 
321 (1931). 

8. B. W. Dunnington, F. H. Beck, and M. G. Fontana. Corro- 

sion, 8, 2 (1952). 


—_ 


wh 


Vol.p 








H] 
... 
techno 
ties, e 
low Vv 
media. 
sures 
higher 
such | 
ciency 
cooled 
potass 
exam] 
indust 

Des 
of liq 
techni 
prope: 
the di 
has ¢) 
heat-t 
focus 

The 
most 
high 1 
is use 
the h 
the fl 
tem 1 
tated. 
the f¢ 
or he 
soon 
lockit 

Th 
resen 
of mé 
Was 1 
to m 
the ri 
prope 
with 
In th 
cal | 


resis 




























I “ol. P 


and the 


oy The Mass Transfer Properties of 
Various Metals and Alloys in Liquid Lead* 


1lts, 
conduc. 
arabolic 
oa By J. V. CATHCART and W. D. MANLY 
WS the 
yn have 
on pro- Introduction 
mn BC) § 7. PHYSICAL PROPERTIES of liquid metals 
give these materials unique advantages in many 
iechnological applications. Their high heat capaci- 
ties, excellent thermal conductivities, and generally 


low viscosities make them ideal as heat transfer J. V. CATHCART is a chemist in the Metal- 
media. Because of their relatively low vapor pres- lurgy Division of the Oak Ridge National Lab- 
sures it is possible to use these materials at much oratory, Oak Ridge, Tennessee. He did his 
higher temperatures than more conventional coolants undergraduate work at Clemson College and 
; . a received a PhD in physical chemistry from the 

such as steam, thus increasing markedly the effi- University of Virginia in 1951, His research has 
ciency of heat transfer. The mercury boiler, sodium- included fundamental studies of the oxidation 
: : of metals and work in the field of liquid metal 

corrosion. 


lic lay 
r rate). 
xidized 
of iron 


region 
(region 
i linear 
> oxide 
nen by 
S were 

Seck, 
f scale 


cooled valves (used in aircraft engines) and sodium- 
potassium and lead heat-treating baths are a few 
examples of current applications of liquid metals to 
industrial processes. 





W. D. MANLY—Metallurgist at the Oak Ridge 
National Laboratory where he is engaged in 
research on high temperature materials prob- 
lems as applied in Atomic Energy work. He 
received a BS and MS in metallurgy from the 
University of Notre Dame and presently is tak- 
ing courses at the University of Tennessee for 


Despite the advantages mentioned above, the use 
e con. | of liquid metals has been limited in many cases by 
gure | — technical difficulties associated with the corrosive 
properties of the materials. In recent years, however, 





istings : his PhD. Mr. Manly is a member of NACE 
ity. In | the demand for compact, high level power sources Unit Committee T-5B on Meteriels for Use 
for the | has created a renewed interest in high-temperature at High Temperatures. He also is a member 
+ line | heat-transfer agents, and attention again has been of the American Institute of Mining and Metal- 
st line are mer “5° * 1s lurgical Engineers and the American Society 
gure | focused on liquid metals. for Metals and was chairman of the Oak Ridge 
T ¢ f Society for Metals 1953-1954 
e case The phenomenon of mass transfer has been the , 
most serious obstacle to the use of liquid metals as 

Birch- — high temperature coolants, The term “mass transfer” 
of iron — is used here to indicate the solution of material from ities 
m posi- the hotter regions of a container and its transport by tela, ; ns i ene esate 

; Brel 2 7 The relative resistance to mass transfer in liquid lead 
), and — the flowing liquid metal to the cold zone of the sys- of 24 metals and alloys were measured. Tests were 
,O, at — tem where the excess dissolved material is precipi- performed in small quartz thermal convection loops. 
umn 6 §— tated. Very frequently this material is deposited in The test temperature was about 800 C with a 
stants. the form of fine dendritic crystals. Thus, in a boiler thermal gradient of 300 C existing across the loops. 
tivt de heat h a th ie ads tl | j Of the metals and alloys studied, only columbium 
~ ? : < 2X ~ 3 > ac > ~ > re y S . . . . 
ivy eat exchanger e pipes in the cooler region and molybdenum exhibited a high resistance to mass 
ess ot soon become completely clogged by masses of inter- transfer. Nickel and nickel-rich alloys were highly 


ement locking crystallites. susceptible to mass transfer. Evidence is presented 
to show that alloys in which a tendency toward in- 


The research which is described in this paper rep- oe : ; 
termetallic compound formation exists show a higher 


resents a study of mass transfer suffered by a series resistance to mass transfer in liquid lead than do 
09, 320 of metals and alloys in liquid lead. No special effort their pure metal components. 

was made to find an alloy which was highly resistant 

to mass transfer in liquid lead. Rather, the aim of enough mass transfer material to halt the flow of the 
Chem the research was the comparison of the mass transfer —_ lead was used as the basis for the comparison of the 

properties of the common pure metal alloying agents __ relative resistance to mass transfer of the test ma- 
Trans. with corrosion resistance of the alloys themselves. terials. The details of the construction and operation 


. . +e C . NICs . ae + ave > > 1 
In this manner it was hoped that at least an empiri- Of a typical loop already have been reported. 


1. 199, cal basis could be established for estimating the The hot-leg temperature for all the loops operated 
was 800 C, The cold-leg temperature was about 500 
C, thus producing a temperature gradient of 300 C 
Laboratory Tests across the system. The flow rate of the liquid lead in 
Tests were made in small thermal convection loops the loops was not measured, although it was esti- 
constructed of ™%-inch diameter quartz tubing (see mated to be on the order of 1 ft/min. This rate of 
Figure 1). Six-inch tubes of the test metals were flow is, of course, much smaller than that which 
inserted in the hot and cold legs of the loops. The would be required in a full scale system. 
time required for the deposition in the cold leg of In all, 24 metals and alloys were studied. The re- 


Emabittcd for publication August 16, 1965. sults are summarized in Figure 2. All tests were 
43 87t 


Cain resistance to mass transfer of a given alloy. 
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Figure 3—Transverse section of hot-leg specimen from lead-molybdenum 
loop. 255X. 


made in duplicate except those with titanium, beryl- 
lium, 30 percent nickel-iron, 45 percent chromium-55 
percent cobalt, and Nichrome V. Only one test was 
performed with each of these latter metals and alloys. 

The number at the end of each bar in Figure 2 
represents the average length of time the loop in 
question was operated. For the duplicate runs varia- 
tions in plugging times of about 10-15 percent were 
observed, Complete plugging occurred in all loops 
except those indicated by “A.” In these latter cases 
the tests were halted intentionally after the times 
specified. Even though complete plugging did not 
occur, small amounts of mass transferred material were 
found in all these loops with the exception of those 
containing molybdenum and columbium. It was esti- 
mated that all loops exhibiting only relatively small 
amounts of mass transfer after 500 hours would 
eventually have plugged completely. 
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Figure 2—Mass transfer in liquid lead. 


Very little is known concerning the factors whieh 
control the rate of mass transfer, and it would be 
dangerous to assume the data reported herein are 
also valid in systems having both a large tempera- 
ture gradient and a high flow rate. It is believed, 
however, that the data will be useful in selecting 
for further testing materials that are most likely to 
prove satisfactory under actual operating conditions. 

The mass transferred material taken from. the 
loops was analyzed chemically. With a few notable 
exceptions there was comparatively little preferential 
leaching of alloy components by liquid lead. Alloys 
containing molybdenum were unique in that no 
molybdenum was found in the mass_ transferred 
metal from these specimens, Thus no molybdenum 
was detected in the plugs from loops containing 25 
percent molybdenum-nickel and 50 percent iron- 
molybdenum. Among the iron-chromium-nickel 
alloys tested, only in the case of the 16 percent nickel- 
37 percent chromium-iron alloy was a marked differ- 
ence observed in the compositions of the plugs and 
the original specimens. The nickel, chromium and 
iron contents in plugs from this alloy were 2, 6) 
and 33 percent, respectively. 


Relative Resistance to Mass Transfer 

The materials tested could be divided convent 
ently into three groups on the basis of their relative 
resistance to mass transfer. The first group included 
only columbium and molybdenum. Neither of these 
metals suffered noticeable mass transfer or corrosion 
under the test conditions. A transverse section of the 
hot-leg specimen from a molybdenum loop is shown 
in Figure 3. 

All of the alloys which exhibited a greater resist- 
ance to mass transfer than their pure metal constitt- 
ents were included in Group 2, These were types 410 
and 446 stainless steels, a 2 percent silicon-14 per- 
cent chromium-iron alloy, Hastelloy B (5 percent 
iron-28 percent molybdenum-nickel), 25 percent mo- 
lybdenum-nickel, 45 percent chromium-cobalt, 50 
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Volpe February, 1956 MASS TRANSFER PROPERTIES OF METALS IN LIQUID LEAD 
percent molybdenum-iron and 16 percent nickel-37 
percent hromium-iron (austenite and sigma). In ad- 
dition, fur reasons to be discussed below, the 50 per- 
cent iron-50 percent chromium alloy also was counted 
asa member of Group 2. 

Group 3 consisted of nickel, titanium, cobalt, chro- 
mium, iron and beryllium in addition to the follow- 
ing alloys: Types 304, 310 and 347 stainless steels, 
Inconel, Nichrome V and 30 percent iron-nickel. A 
relatively low resistance to mass transfer was char- 
acteristic of the members of this group, the plugging 
TRANSFER times for the alloys being approximately those which 

might be predicted on the basis of the data for their 
pure metal constituents. The metals in this group 
also suffered relatively severe intergranular attack, 
as is illustrated in Figure 4, which shows a trans- 





verse section of the hot-leg of a type 304 stainless 
steel loop. 

Special comment should be made concerning the 
results obtained for beryllium. During the operation 
of the beryllium loop, some of the SiO, from the 
walls of the loop itself was reduced by the beryllium. 


Figure 4—Transverse section of hot-leg specimen from lead-304 stainless 
steel loop. 255X. 


else possessed compositions far removed from those 
of possible intermetallic compounds. Thus chromium 
and cobalt, which in a 45-55 ratio, exhibited a rela- 


tively high resistance to mass transfer, form a com- 
pound CoCr which is the dominant phase in the 45 
percent chromium-55 percent cobalt alloy, Con- 
versely, Nichrome V (20 percent chromium-80 per- 


A thin layer of elemental silicon was found between 
the solidified lead and the walls of the loop at the 
end of the experiment. The effect of the.reaction on 
the quantity of beryllium which underwent mass 


s which 
ould he 
ein are 













->Mpera- a , ‘ sl : tats . f aes : 
elieved | tansfer is unknown. However, a large amount of cent nickel), in w hich no compound formation oc- 
lecting & beryllium was found in the cold leg of the loop, and curs, showed a relatively low resistance to mass 
; 5 : : - - ~£ 

kely to | it was concluded that beryllium probably would suf- transfer. 


This hypothesis was tested with a specially pre- 
pared nickel-chromium-iron alloy. The composition 
16 percent nickel-37 percent chromium-47 percent 
iron was chosen because with the proper heat treat- 
ment test specimens could be prepared either with or 


fer considerable mass transfer in liquid lead even in 
acompletely inert container, 


ditions, 
ym. the 
notable 
-rential 


One conclusion which can be drawn immediately 
from the experimental results is that nickel and 


Allovs  Bickel-based alloys (except for the special case dis- : , 
hat nf cussed below) have a very low resistance to mass Without the presence of an intermetallic compound. 
sferred § ‘ansfer in liquid lead. This fact is illustrated by the Che test material waa song ih NE Oh eae 
‘denum | Plugging time of only two hours for the loops con- and was annealed at —* and quenched from tem- 
ing 25 taining pure nickel, Similarly rapid mass transfer er Che hill nace _— ; Sere oud Seana , 
- iron — Was observed in the Inconel and Nichrome V loops thus produced was machined into tubes suitable for 
-nickel | @ Well as the type 300 series stainless steels tested. testing. One set ol tubes was ann aled at //9 © pro- 
nick The latter alloys, while not nickel-based, are rich ducing a ferrite-to-sigma aes and leaving 
diffe} i nickel. Poor resistance to mass transfer also was the specimens as a predominately austenite-sigma 
os and | ‘ound for other common alloying metals such as iron alloy. EN | 
a il and chromium. As may be seen in Figure 2, the austenite-sigma 
.2 65 These facts made all the more surprising the ob- ‘ae exhibited & (Greater LOMSTaNRe 50 ee 
servation that the alloys in Group 2 showed a large transfer than did those consisting of austenite and 
increase in resistance to mass transfer as compared psebeL omy. SNe eee sceeuntecat a 
to their pure constituents. The best example of this — but siiohitiee., apse Eascees ae LAIN tea — 
nveni: | Phenomenon was furnished by the 45 percent chro- metallic compound (es preset), show ed a marked 
lau mium-55 percent cobalt alloy. Loops containing pure difference ere oe ane ere ats result 
luda cobalt and chromium plugged after 80 and 100 hours, “en considered especially remarkable in view of the 
- these respectively, yet in combination these two metals high nickel content ” the alloy. : 
cali produced an alloy which after 765 hours still had not A transverse section of the hot-leg specimen from 
of the undergone enough mass transfer to cause plugging 2 16 percent nickel-37 percent chromium-4/ percent 
ial of the loop. iron (sigma and austenite) loop is shown in Figure 5. 
The sigma phase occurred as islands in an austenite 
Intermetallic Compounds matrix. The attack of the lead on the specimen oc- 
resist A survey of the phase diagrams for the alloys curred predominantly along channels which had been 
istitt- tested provided a possible explanation for this effect. filled with matrix material. At the lead-specimen 
es 410 It was found that the compositions of the Group 2 interface grains of sigma may be seen almost com- 
+ per- alloys either coincided with those of intermetallic pletely surrounded by the lead, thus demonstrating 
ercent compounds or else were very close to compositions the resistance to attack exhibited by the intermetallic 
t mo- of intermetallic compounds, The alloys in Group 3, compound phase. ; 
t, 50 on the other hand, either formed no compounds or That the austenite-ferrite form of the 16 percent 
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Figure 5—Transverse section of hot-leg specimen from lead-16 percent 
nickel-37 percent chromium-47 percent iron loop. 380X. 


Figure 6—Transverse section of 50 percent chromium-50 percent iron 
specimen showing extensive crack network. Specimen was annealed for 
288 hours at 785 C. 100X. 





Figure 7—Transverse section of pre-oxidized hot-leg specimen from 
lead-347 stainless steel loop. 250X. 


nickel-37 percent chromium-47 percent iron alloy 
possessed as high a degree of resistance to mass 
transfer as was observed was probably due to the 
fact that the ferrite-to-sigma transformation temper- 
ature is approximately 800 C. Since the hot-leg tem- 
perature for the loops was also about 800 C, some 
sigma phase was formed in the ferrite-austenite sam- 
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ples during the operation of the loops. Had this nof 
been the case, it is likely that the plugging times fo; 
the ferrite-austenite loops would have been consider. 
ably shorter. 

Despite the fact that their compositions lie slightly 
outside of the ferrite-sigma region of the iron. 
chromium phase diagram, both types 410 and 44 
stainless steels exhibited a relatively high resistance 
to mass transfer. No trace of sigma phase was found 
either metallographically or with x-rays in_ these 
alloys. It is possible, however, that the observed 
effect was produced by a surface film of sigma to 
thin to be detected by the usual procedures. 

The only alloy which provided an exception to the 
above rule was the 50 percent iron-50 percent chro- 
mium, This composition was chosen because it rep. 
resented the theoretical composition of sigma phase, 
It was expected that the alloy would show a high 
resistance to mass transfer. Instead, plugging oc- 
curred after only 35-40 hours of operation. 


Cracks in Alloy 

A completely satisfactory explanation for this re- 
sult has not been found, but it was thought that the 
short plugging time might be associated with the 
extreme brittleness of the test specimens. As may be 
seen in Figure 6, the test specimens before contact 
with lead were interlaced with an extensive series oi 
cracks typical of sigma phase. During the operation 
of the loops lead seeped into these cracks, apparently 
increasing still further the brittleness of the alloy. 
When the excess lead was removed from the speci- 
mens at the end of the experiment, they were s0 
friable that they virtually crumbled to the touch. 
that the amount of mass 
transferred material was only about one-fourth oi 
that usually required for plugging. For these reasons 
it was thought possible that a small particle of metal 
was partially dislodged from one of the test spect 
mens by the erosive action of the flowing lead. In 
such an event the circulation of the lead could have 
been sufficiently impeded to produce the premature 
freezing of the cold leg, It was not possible to verify 
this hypothesis directly, however, since the friability 
of the test specimens was sufficiently great to cause 


It was observed also 


small particles to be broken off the specimens during 
the removal of the excess lead. 

Despite the result obtained with the 50 percent 
iron-50 percent chromium alloy, it was concluded 
that the existence of a strong tendency toward inter- 
metallic compound formation or the presence of an 
intermetallic compound in an alloy reduced the ac- 
tivity of the alloy compounds to such an extent as 


of the alloy. Conversely, when the alloy composition 
was such that no tendency toward compound forma- 
tion existed, the resistance to mass transfer of the 
alloy was approximately that which might be pre 
dicted from the data for its constituents. 


Influence of Oxide Films 
The influence of the presence of moderately heavy 
oxide film in determining the resistance to mass 
transfer of a metal also was tested. The metal spect 
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this no mens were oxidized in air until, judging from the metal or under the thermal strains produced by tem- 
imes for interferetice tints produced, they were covered by an perature gradients in the system. One loop was oper- 
‘onsider- F oxide film 1000 A or more thick. It was found that ated in which the lead was not deoxidized although 

F such treatment increased the plugging times for the it was filtered to remove any large particles of lead 
slightly [ alloys tested. Thus loops containing preoxidized oxide. No appreciable improvement in resistance to 


he iron types 304 and 347 stainless steel specimens were op- mass transfer was observed in this case. 
and 44 § erated in excess of 500 hours without the occurrence 
‘sistance P of complete plugging. The oxide apparently acted 
1s found F as a physical barrier between the lead and the metal. 
n thesef A transverse section of the hot-leg specimen from 
bserved F a pre-oxidized type 347 stainless steel loop is shown 
yma too — in Figure 7. The fan-like shape of the corroded areas 
may be seen clearly, suggesting that attack began at 
n to the 2 break in the oxide film and spread outward. 
nt chro- Although it was apparent that the presence of a 
it rep. —P relatively heavy oxide film on the metal surfaces re- 
i phase tarded mass transfer, it was recognized that this : ; 
effect was of little practical value. In addition to the related with the existence of or a tendency toward 


Conclusions 
Of 24 metals and alloys tested in liquid lead, only 
molybdenum and columbium were found to possess 
a high degree of resistance to mass transfer. The 
common structural and alloying metals such as iron, 
chromium and nickel were very inferior in this re- 
spect. Certain alloys of these metals, however, ex- 
hibited a considerably higher resistance to mass trans- 
fer than could be predicted from properties of their 
pure metal components. This phenomenon was cor- 
a_ high 
barrier to heat transfer which such oxide films would intermetallic compound formation in the alloys. 
constitute in a heat exchanger, it is doubtful that a 
; ; : oe Ti ; Reference 
crack-free oxide coating could be maintained a - 1. J. V. Catheart and W. D. Manly. A Technique for Corrosion 
system under the erosive action of a flowing liquid Testing in Liquid Lead. Corrosion, 10, 432-4 (1954) Dec. 
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Introduction 
lL A RADIOGRAPHIC investigation of the pitting 


of stainless steels in ferric chloride solution,! the 
authors were impressed by the large amount of metal 
that could be dissolved without altering greatly the 
appearance of an immersed coupon, For example, one 
usually acute observer guessed that the weight of 
such a coupon was 85 percent the initial, when the 
actual weight remaining was only one-fortieth that 
much, Figure 1 is intended to illustrate this situation, 
but it does this imperfectly, owing to the unavoidable 
wrinkling and breaking of the fragile remains of the 
coupon during removal from solution, washing, and 
subsequent drying. 

The three radiographs of Figure 2 add to the 
qualitative description of the corrosion process by 
showing how internal removal of metal has proceeded 
to 25, 53, and 85 percent of completion (based on 
initial weight) in three different coupons. It is signifi- 
cant that the corrosion process is reproducible enough 
in its main features that the three coupons almost 
might be mistaken for a single specimen at three 
different stages in its life. These main features are: 
(1) attack at many localized points along sides and 
bottom, which results in the removal of relatively 
little metal, probably because this attack is not effec- 
tively accelerated by gravity; (2) a few pits near 
the top that grow downward under the influence of 
gravity and spread as they grow; (3) gradual en- 
velopment, corrosion, and elimination of unattacked 
areas of metal (black in Figure 2c) as these pits 
grow. (Note how such areas disappear first near the 
top.) 

The corrosion thus appears to involve rapid and 
extensive internal removal of metal initiated by rela- 
tively few pits, influenced by gravity, and accom- 
plished through many small openings in surfaces that 
appear virtually intact by reflected light. Exploratory 
rate measurements on so interesting a process seemed 
well worth making. 

The chemistry involved is, of course, complex, The 
ferric chloride solution used is acid by hydrolysis 
(initial pH near 1.3), and the species formed by 
hydrolysis are not well known. Chloride ion not only 
penetrates protective films, but forms complex ions 
as well. As corrosion progresses, the concentration of 
ferric species decreases, and ferrous, nickelous, and 
chromic ions (and their complexes) form. 

Dissolved oxygen, present initially whenever the 
solutions were not deaerated, must disappear rather 
completely as corrosion progresses; in any case, the 
rate of oxygen supply by diffusion through the stag- 
nant surface of the solution is far too low to support 
the corrosion rates observed. Although the presence 
of dissolved oxygen could have an initial influence 
on the corrosion process, probably through affecting 


% Submitted for publication June 16, 1955. A paper presented at the 
Eleventh Annual Conference, National Association of Corrosion 
Engineers, Chicago, Ill., March 7-11, 1955. 
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Abstract 


Rapid corrosion occurs through pitting when an- 
nealed Type 302 stainless steel sheets are suspended 
in ferric chloride solution. Dissolution of sample can 
approach completion with unexpectedly little altera- 
tion in appearance of surface. 

Rate of weight loss with different samples is sur- 
prisingly similar with the following four zones dis- 
tinguishable in most cases: (1) a short induction 
period, (2) a zone of fairly constant, slow rate, 
which changes slowly into, (3) a zone of rapid rate, 
and finally (when less than 2 percent of the sample 
remains) into (4), a zone in which the rate is 
negligible. 

Distinct rate zones do not exist if one side of the 
stainless steel plate is covered with a thin film of 
evaporated gold. Corrosion then is rapid at the 
outset, and the rate gradually decreases. 

Induction-period experiments done with the aid of 
a microbalance show that corrosion begins within 
one minute after a clean dry coupon is immersed in 
ferric chloride solution. It has been demonstrated 
that measurements of corrosion rate in this system 
are simple and relatively reproducible. Extension of 
these measurements should yield valuable funda- 
mental information about this corrosion process, 


the surface film on the coupon, the authors do not 
believe that this influence persists once corrosion has 


‘begun. The over-all corrosion reaction can be repre- 


sented by the oversimplified equation: 
M + nFe*++ = M™ + nFe+ (1) 
where M"™ may be Fe**, Ni**, or Cr***. Reaction (1) 
is the sum of the following half-cell reactions: 
Anode: M = M™-+nE 


Cathode: nFe*++ + nE = nFet++ 
In the above equations E denotes an electron. 


It is well known that the anodic surfaces will be in 
contact with solutions differing greatly in compost 





Laboratory, Schenectady, N. Y. He received a 
1940. After employment for two years with the 


he joined the staff of the General Electric 
Research Laboratory where his interests and 
publications include the chemistry of boron, 
fluorine compounds and _laboratoy 
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| of Figure 1—Sample from Run 1 after cessation of corrosion. Top photo 
hin shows sample under reflected light; bottom photo shows same specimen 
in but with transmitted light. 2X. 
ted 
em : ; ; 
of tion from the initial ferric chloride solution, and that 
fa these solutions will be relatively concentrated in the EXTENT OF CORROSION 
chlorides of the reaction products in Equation (1). 
lo not — Also, in most of the authors’ experiments, the entire 25 %>' 
yn has — Solution changed markedly in composition as corro- 
repre- sion progressed, 
(1) Rate Measurements 
1) Neither the complex chemistry of the corrosion 
mn process nor the erratic nature of pitting in general 
looked favorable for the obtaining of reproducible 
rate measurements. Nevertheless, the rates were 
measured at which squares (0.0625 cm thick) of Type 
302 stainless steel (nominal composition: 0.08-0.20 
be in percent carbon, 17-19 percent chromium, 8-10 per- C—Radiograph 


1posi- cent nickel, up to 2 percent manganese) lost weight Figure 2—Samples from Runs 14, 13 and 15. 
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Figure 3—Test apparatus. 





when suspended at 30 C in a solu- 
tion initially containing 10 percent 
by weight of FeCl,*6H,O. In a 
standard experiment (Figures 3 
and 4), the square was 5 cm on a 
side; the sample was suspended 
vertically by means of a nylon 
thread joined to the arm of a simple 






























































the ferric chloride solution was 
contained in a 2-liter graduate and 
readings were taken at convenient 
intervals until the weight loss be- 
came negligible. Changes in weight 
of 1 mg, or of about 0.01 percent the 
initial weight of a standard coupon, 
could be detected with certainty 
even when corrosion was rapid, 









































The results of the first experi- 
ment are given in complete detail 
in Table 1 because they illustrate 
capability of the experimental 
method and show several striking 
features that led to further investi- 
gation, By use of the initial im- 
mersed weight of the coupon, bal- 
ance readings were converted into 
percent of initial weight remaining 
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TABLE 1—Detailed Results for Experiment 1 


Percent 

Time Initial 

(Hour) Weight 
0.00 100.00 
0.40 99.96 
0.55 99.94 
0.70 99.92 
0.85 99.89 
1.4 99.82 
1.6 99.78 
1.7 99.76 
1.9 99.73 
2.4 99.65 
3.1 99.56 
3.4 99.51 
4.2 99.41 
4.8 99.33 
5.3 99.27 
5.9 99.19 
6.6 99.11 
7.0 99.06 
7.8 98.96 
9.0 98.81 
14.0 98.22 
23.6 97.17 
25. 96.97 
27.4 96.77 
28.6 96.64 
30.7 96.40 
31.0 96.35 








Rate* Percent Rate* 
Percent Time | _ Initial Percent Time 
Hour | (Hour) Weight Hour | (Hour) 
32.7 96.13 0.138 144.0 
0.11 34.2 95.93 0.15 146.8 
0.13 37.8 | 95.37 0.16 149.5 
0.17 38.0 | 95.33 0.15 152.2 
0.14 38.4 | 95.28 0.16 158.0 
0.15 47.9 | 93.73 0.16 168.5 
i | = 

0.20 49.0 | 93.55 0.16 173.9 
0.17 50.4 } 93.32 0.17 177.3 
0.16 51.6 93.12 | 0.16 181.0 
0.14 92.76 0.18 192.0 
0.14 92.37 | 0.20 193.8 
0.14 92.00 0.22 195.5 
0.13 | 91.01 | 0.24 197.2 
0.13 88.43 | 0.24 197.6 
0.13 87.80 | 0.26 199.7 
0.12 82.1 85.95 0.28 201.4 
0.12 85.8 | 84.78 0.33 205.3 
0.12 } 97.0 80.99 0.35 216.1 
0.12 78.72 0.39 

0.12 76.50 0.59 

0.11 68.81 0.67 

0.11 67.51 0.61 

0.11 66.50 0.63 

0.11 64.72 | 0.64 

0.11 128.3 63.63 0.66 

0.12 134.3 59.55 0.68 

0.14 aes? alee" 

(Percent Initial Weight )tn—1 (Percent Initial Weight)tn41 


= any observation, 
n-l = previous observation, 


n+l = next_ohservation, 


from which data rates were then calculated as indi- 
cated at the foot of Table 1. No corrections were 
applied. Corrections for changes in buoyancy (prob- 
ably not large) could not be made because the data 
necessary are unknown—not only does the density of 
the solution in the pits differ from that outside, but 
that outside varies from point to point, and with time. 


The features of greatest interest in Table 1 are 


1. The fluctuations in the individual rates are sur- 
prisingly small. Except for the initial values, which 
cannot be precise because the intervals are too short, 
the individual rates give the impression of a process 
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Figure 4—Rate of corrosion of Type 302 stainless steel in 10 percent ferric chloride hexahydrate 


| 
| 


lol, P 


19 
320 340 360 


Rate* 
Percent 
Hour 


2. The rate increases progressively until about 9 


percent of the coupon has disappeared, 


3. Any induction period must be short. The first 
corrosion rate in Table 1 differs but little from those 


‘measured during the next 30 hours. 


4. Near the end (in the period from 216 to 219 
hours), there is a precipitate decrease in the rate. 


Particularly surprising was the long-continued in- 
crease in rate, for this increase occurred in the face 
of a great decrease in the weight of metal left to be 
corroded. There was also a marked decrease in the 
ferric chloride concentration. (Note that complete 


dissolution of 14 grams of iron requires 135 grams 


of FeCl,*6H.O, based on Equation 1.) 
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Figure 5—Corrosion rates near cessation of corrosion. 


TABLE 2——-Summary of Corrosion Rates at Three Stages in Reaction 


10: x Rate in ¢/hr/cm?2c 
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® Weight in air. 

> Total area. Edges and peripheral area of hole included. 

¢ An average rate for the interval listed. Two exceptions as noted. 
Intervals defined by degrees of completion expressed as percent initial 

weight lost. 

* Experiments 4 and 8 wholly unreliable. 
Increased rate concomitant with increased concentration of solution 
owing to evaporation. See text. 

¢ Weight of gold (0.031 gram; calculated thickness, 
included. 

For radiograph of coupon at end of experiment, 
Average rate for 45-53 percent completion. 
Average rate for 80-85 percent completion. 


7.5 x 10-5 cm) not 


see Figure 2 


Experiment 3 was essentially different from Ex- 
periment 1 only in that suspension was horizontal 
(from a hole in each corner) rather than vertical. 
There is good evidence (Figures 1 and 7 in Reference 
1) that horizontal immersion will produce by far the 
greater number of active pits. It is clear from Figure 
+ that the rate was considerably lower with hori- 
zontal immersion, although the maximum rate agrees 
with that of Experiment 1, This is regarded as evi- 
dence that the corrosion rate does not depend upon 
the number of pits. 


In Figure 4 the data for each experiment corre- 
spond to those in the first two columns of Table 1. 
The rate at any point in an experiment is the slope 


of the curve at that point. Curves obtained in other 
experiments resemble those in Figure 4 with the 
*xception of Experiment 12, Furthermore, the figure 
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Figure 6—Model of corrosion pit. 


is a fair guide to reproducibility in all cases except 
those in which the smallness of the coupon brought 
added difficulties in measurement, 


Corrosion Rate and Cathode Area 


Further insight into the corrosion was 
sought by investigating the dependence of rate on 
coupon area. The 
polarization at anodes and cathodes can be ignored. 
The number of anodes (pits) on any coupon is un- 
predictable and seems not to govern the rate. When 
corrosion begins, the total anodic area must be very 
small, yet the corrosion rate very assumes a 
value that it maintains for many hours even though 
the total anodic area is growing to many times its 
initial value. Rate and anode area thus seem to be 
independent, 


process 


reasoning is as follows: Possible 


soon 


Perhaps processes at the cathode limit the over-all 
pits This idea is 
attractive because the cathode area, which cannot 
be much different from the coupon area in the early 
stages of corrosion, is not subject to rapid change. 
The fact that a coupon retains its shape when 98 
percent of it has disappeared argues that all the 
outer surfaces must be cathodic. If the reasoning in 
this paragraph is correct, over-all corrosion rate and 
cathode area should be proportional. 


corrosion once are established. 


Although cathode area and coupon area need not 
be identical, they should be comparable, at least in 
the early stages. Consequently, the reasoning of the 
foregoing paragraph may be tested by determining 
if the corrosion rate per unit area (e.g., grams con- 
sumed/hr/cm’) is reasonably constant. Rate data in 
these units are summarized in Table 2 at three stages 
in the corrosion reaction for all experiments except 
two that were discarded as wholly unreliable. 

Attempts were made to keep solution volume and 
coupon weight proportional. It proved impractical to 
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Figure 7—Corrosion of Type 302 stainless steel (partially gold-plated). The solution contains 10 pertent ferric chloride hexahydrate. 


do this with the four lightest coupons, however, and 
different volumes were used there in the hope that 
experimental conditions would be improved. (The 
consequence was, of course, that the concentration 
of ferric ion did not vary with time in the way in 
which it did with the larger coupons.) In these four 
cases the expected difficulties arising from surface- 
tension effects on the suspension were met. A fine 
quartz fiber proved the most satisfactory suspension, 
and a torsion balance (capacity, 0.1 gram) was used. 

It seems clear that results for the four lightest 
coupons are the least certain, and that Experiment 3 
(horizontal immersion) and Experiment 12 (one side 
of coupon gold-plated) cannot be used to establish 
the area hypothesis. (The authors are inclined to 
exclude Experiment 11 also. The coupon for this 
experiment was pickled in strong hydrochloric acid 
before the run; no explanation can be offered as to 
why this should reduce the rate of corrosion.) It is 
believed that the relevant data in Table 2 show that 
at all three stages of reaction a rough proportionality 
exists between corrosion rate and coupon area, and 
that this may be interpreted as a proportionality be- 
tween corrosion rate and cathode area, 

In Experiment 9, unwanted evaporation caused 
considerable concentrating of the solution. The rate 
of corrosion rose (see Table 2), and then decreased 
when the water lost by evaporation was replaced. 
This is regarded as evidence that the rate increases 
with the concentration of ferric chloride. 


Last Stages of Corrosion 
Figure 5 shows, on a magnified scale, data for the 
final stages of the corrosion reaction in several ex- 
periments. In each such case, but least in Experiment 


96t 


12 (to be discussed later), the rate in the units o/ 
Table 1 decreased precipitously as the uncorroded 
metal approached exhaustion, It is reasonable t 
regard the decrease in rate as caused by a rapid 
shrinking of the total effective anode area. 

Corroboration of this view was obtained by study- 
ing an air-dried residue resembling that of Figure 1. 
X-ray diffraction patterns for the residue showed 
well-defined lines characteristic of the stainless steel. 
and a few faint reflections that could not be identified, 
A portion of this residue was treated with strong 
hydrochloric acid until gas evolution ceased. Ii 
the gas consisted entirely of hydrogen, the residue 
was about one-sixth uncorroded metal; this metal 
corresponded to less than 0.2 percent of the initial 
coupon. The residue thus consisted mainly of oxidized 
metal, which might be expected to shield from attack 
the last portions of unoxidized metal, Accordingly, 
it seems all the more remarkable that only about 02 
percent of metal (or 20 mg for a standard coupon) 
should remain uncorroded when the corrosion rate 
becomes negligible. 


Tentative Mechanism 

Many features of the following mechanism wert 
postulated in the course of the radiographic investi 
gation,’ but it seemed advisable to withhold publica 
tion until the evidence from the rate measurements 
was in. 

Figure 6 is a sketch that shows the idealized me- 
chanical features, as the authors envision them, 0 
the corrosion process in an intermediate stage. O! 
course, concentration gradients (not shown) exist 
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nm all solutions (for example, the concentration of 
ferric chloride will increase more or less continuously 
as one moves from the bottom to the mouth of the 
pit, and the concentration of corrosion products in the 
unstirred solution will be greatest near the coupon). 

The following simplified life history of a pit is in 
accord with Figure 4. After the film initially present 
on the coupon has been broken, perhaps owing to 
penetration by chloride ion, escape of cations from 
the metal into the solution begins and pits form. 
initially, the corrosion products move out through 
the mouth of the pit, As corrosion proceeds and the 
pit deepens, this egress becomes more difficult. Cor- 
rosion products then concentrate in the pit, electrical 
neutrality being maintained through transference of 
chloride ion. The solution in the pit becomes increas- 
ingly dense, and, owing to the action of gravity, the 
pit grows downward and broadens, (Note the “pine 
trees’ in Figure 2.) As the walls of the pit grow 
thinner and thinner, they eventually rupture under 
the influence of mechanical and electrical factors. 
The corrosion products can then stream out as shown 
in Figure 6. 

The anodes support a surprisingly high corrosion 
rate when they are very small, both in. the initial 
(Table 1) and in the final stages (Figure 5). This 
argues against appreciable polarization and is in 
accord with the idea that the anode reaction, which 
is the escape into the solution of a cation that be- 
comes hydrated, is simpler than the cathode reaction 
in this system. 

The cathode reaction is the transfer of an electron 
to some ferric species, say to Fe**, The electron 
probably has to penetrate a surface film, and the 
nature of this film therefore will help determine the 
extent of polarization at the cathode. Furthermore, 
the Fe*** will have to be brought to the cathode 
surface, and the rate of the cathode process ought 
therefore to be diffusion-limited. This hypothesis is 
the simplest explanation of the proportionality be- 
tween rate and cathode area, 

[In the initial stages, cathode area and coupon area 
differ little from each other. As corrosion progresses 
and internal surfaces are created, it is logical to 
assume that some of these internal surfaces can act 
as cathodes also—especially when they are in contact 
with solution rich in Fe***. This increase in cathode 
area could be enough to explain the increased rate 
of corrosion observed as an experiment progresses. 
But it is likely that part of the increased rate must 
TABLE 3—Corrosion Rates in the Early Stages of Experiment 12 


Rate®* 
Percent /Hour 


Percent Initial 
Time (Hour) Weight (g) 


0 | 100.00 Casi 
0.067 99.88 2.00 
0.150 99.70 2.07 
0.217 
0.267 
0.367 


99.57 
99.48 
99.28 


99.07 
98.75 
98.57 


98.31 
98.12 





* Rate in units of Table 1 and calculated as shown there. Weight of gold 
deducted before rates were calculated. 
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be credited to the flow of solution made possible by 
the perforation of the coupon walls (Figure 6). Such 
How not only speeds up macroscopic transfer, but it 
acts also to reduce the thickness of the liquid layer 
through which diffusion must occur in connection 
with the cathode reaction, 

In the foregoing picture, then, it is assumed that 
the reaction at the cathode always limits the corro- 
sion rate; the anodes, once they are established, can 
support a higher rate than that observed. As corro- 
sion progresses, the rate increases owing to the 
generation of internal cathode area and to increased 
How of solution through and near the coupon. That 
this increase of the rate should vary with coupon size 
flow must depend on 
coupon size as must the extent of internal area gen- 
erated, and the proportion of external area con- 
tributed by the edges and by the hole increases as 
the coupon becomes smaller. Similar reasoning can 
account for the difference between vertical and hori- 
zontal immersion, 


(Table 2) is not surprising; 


Effect of Partial Gold-Plating 

In order to see whether a radical change in the 
cathode surface would affect the rate of corrosion, 
an experiment was made on a standard coupon, one 
side of which had been coated with gold. Gold was 
chosen in the expectation that this noble metal 
would offer less hindrance at the surface than does 
stainless steel to the passage of electrons prerequisite 
to their capture by ferric ion. 

Just over 0.03 gram of gold was evaporated onto 
one side of a standard coupon. Duplicate evaporation 
onto a glass slide revealed the absence of pinholes. 
The gold-plated coupon was run in a standard experi- 
ment on an initially. degassed solution. (By this time, 
degassing was resorted to as a means of eliminating 
bubbles that otherwise formed on the coupon to 
make initial readings difficult.) Table 3 shows that 
the initial corrosion rate was markedly higher than 
that in Table 2. 

The complete curve for Experiment 12 is given 
in Figure 7. Toward the end of the run, the separa- 
tion of the solution into two layers (Figure 6) was 
more marked than in a standard experiment. 

Tables 2 and 3, ligures 6 and 7, all testify to the 
marked effect of the gold-plating on the corrosion 
reaction. The initial rate was increased in this way 
more than fifteen-fold. The entire course of the re- 
action was changed: the rate then decreased as the 
reaction proceeded, and the abrupt termination (Fig- 
ure 5) was absent. 

In the authors’ opinion, the increased initial rate 
was due to the greater ease of electron capture of 
ferric ion at a gold, as compared with a stainless 
steel, surface. That the rate fails to increase, and 
actually decreases, as corrosion of the gold-plated 
coupon progresses is attributed to: (1) reduced flow 
of the kind in Figure 5. The gold plate remains im- 
pervious to solution; (2) less internal cathode area; 
(3) formation of a ferrous chloride layer near the 
gold surface to hinder access of ferric ion; (4) reduc- 
tion of the ferric chloride ion concentration. This 
suggested explanation obviously needs to be tested. 
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Liebhafsky and A. E, 


DISCUSSION 


Discussion by Herbert Uhlig, Massachusetts Institute 
of Technology, Cambridge, Mass. 


The unusual resistance of skin on cold rolled 18-8 
shows up in several media in addition to ferric chlo- 
‘ we attempted an investigation 
of the effect when we noticed that pitting of 18-8 in 
hot aerated NaCl solutions almost always occurred 


ride. Some years ago 


at the edges of a cold rolled flat specimen, but seldom, 
if ever, on the cold rolled surface itself. 

It was thought that perhaps cold work in cutting 
the specimens accounted for a greater tendency 
toward corrosion at the edges where they might 
be made anode by shearing or sawing, Diminishing 
the width of the specimens still left the pits predomi- 
nating at the edges, and, indeed, when small diameter 
cylindrical specimens were prepared, the pits. still 
occurred at the original edges of the sheet. Annealing 
such cylinders reduced the tendency for pitting at 
the edges but did not eliminate it. This convinced us 
that preferred grain orientation produced by rolling 
was an important factor, | should be interested in 
any thoughts the authors may have in this matter. 

It may be in order to mention that addition of 3 
@ H,. H 


Uhlig and M. CC. Morrell, Jad. Eng. Chem., 33, 875 (1941). 





Any discussions of this article not published above 
will appear in the June, 1956 issue. 


Vol. L 





percent sodium nitrate to 10 percent ferric chloride 
completely inhibits pitting of 18-8. We have expose; 
specimens to such a solution for 17 years withoy 
evidence of crevice corrosion or pitting, and with 
only token weight loss. 


Reply by H. A. Liebhafsky and A. E. Newkirk: 

Added evidence of the importance of preferre/ 
grain orientation in the corrosion of rolled stainless 
steel is provided by the ‘“‘bow tie” pitting found jy 
exploratory experiments on Type 347 rolled shee 
(Figure 6 in Reference 1). For our rate work, we choy 
annealed Type 302 sheet to avoid orientation effects 
Inasmuch as the coupons for our measurements were 
not re-annealed after being cut from a large sheet, 
corrosion at the edges was probably influenced }y 
cold work of the metal during cutting. We doubt 
whether preferred orientation measurably influenced 
our rate measurements. 

Edge effects generally seemed not to have much 
effect on rate except, perhaps, in the initial stages, 
One result of our work is to show that relatively fey 
pits are required to support a high rate of corrosion 
Pits often formed away from the edges; in this con- 
nection, note the great increase in the number of such 
pits when immersion was changed from vertical to 
horizontal (Figure 1 as companed with Figure 7 in 
keference 1). 

To summarize: We feel that the factors found by 
you to be important under experimental conditions 
different from ours could have had some initial in 
fluence on our rate measurements. We do not be 
lieve—chiefly because our rates were unusually re 
producible—that these factors could have had a 
measurable effect for very long in any experiment. 
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Parlon Stays On! 


Pte. 
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FOR GOOD RESISTANCE to coal gas. chemicals and chemical fumes. the New York City Transit Au- 
thority selected a Parlon-based paint for these new coal unloading towers. The tower was designed 
and built by Mead-Morrison Div. of the McKiernan-Terry Corp. The paint is RIW Korosist ¢ ‘hlori- 


nated Rubber Base Paint, manufactured by Toch Brothers, Staten Island, New York. 


\cross the nation an ever-increasing number of 


municipalities are discovering the unique properties 
of paints based on Hercules Parlon (chlorinated 
rubber). 

Wherever protective coatings must stand up to 
a demanding challenge—whether the requirement 
be traffic paint. or for a sewage plant; exterior fin- 
ishes for masonry buildings, or interior protection 


for metal equipment—Parlon-based paints are pro- 
viding longer service at lower long-term cost. 
Parlon’s unusual ability to withstand the cor- 
rosive effects of chemicals and salt water atmosphere 
plus its adaptability to masonry, wood and metal 
surfaces makes it the ideal all-purpose maintenance 
paint. Your local paint supplier can provide addi- 


tional information. or write direct to Hercules. 


Cellulose Products Department 


HERCULES POWDER COMPANY 


INCORPORATED 


999 King Street, Wilmington 99. Del. 


CR56-1 


PARLON CHLORINATED RUBBER PAINTS ARE AVAILABLE FROM 400 MANUFACTURERS UNDER THEIR OWN BRAND NAMES 
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HOW WE TOOK 


on} 


ROCK ‘N ROLL 
OUT OF PIPE 


CARLOADING! 


The workman above is easing two lengths of 


pipe into a gondola as gently as you'd place eggs in a shopping bag. Each length fits snugly into 
place. Then all are tied down by steel bands and protected by padding so they can’t roll, rock, 
shift, or abrade in long haul or short. This “Unit-load” system was developed and patented by 
HILL, HUBBELL and was given to the Association of American Railroads, who made it their offi- 
cial specification, MD-4. A dramatic example of HILL, HUBBELL know-how, “Unit-loading” is— 


Another “first” pioneered by the first name in pipe protection... 


HILL, HUBBELL & COMPANY 


FACTORY APPLICATORS OF COATINGS & WRAPPINGS E F DIVISION OF GENERAL PAINT CORP. 


MAYFIELD ROAD, CLEVELAND 18, OHIO 
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Sour Crude Prediction Report Is Presented 


New York Program 
Will Include Many 


Committee Papers 


As has been the practice in the past, 
technical committees of NACE are con- 
tributing considerably to the formal 
technical program of the 1956 NACE 
Conference, 

Unit Committee T-3F on Corrosion 
By High Purity Water has again or- 
ganized a symposium on High Purity 
Water, While the papers to be presented 
at the symposium are not directly re- 
sults of the committee’s work, they are 
considered to be contributions to the 
work of the committee. 

The five papers scheduled to 
sented at the symposium are: 


Studies in High 


be pre- 


‘Tempera- 
Hydrogen Effusion 
Bloom, M. Krul- 
N, Vlannes, 
Wash- 


Corrosion 
ture Water by a 
Method by M. C. 
feld, W. A. Fraser and P. 
Naval Research Laboratory, 
ington, D.C. 

The Corrosion of Iron in High Temper- 
ature Water by D. L. Douglas, Gen- 
eral Electric Research Laboratory, 
Schenectady, N. Y. and F, C, Zyzes, 
Knolls Atomic Power Laboratory, 
Schenectady, N. Y. 

Corrosion of Stainless Steels in Super- 
critical Water by H. A. Pray and 
W. K. Boyd, Battelle Memorial Insti- 
tute, Columbus, Ohio. 


Corrosion Resistant Aluminum Alloys 
for Use in Water at Elevated Tem- 
peratures, by J. E. Draley and W. FE 
Ruther, Argonne National Labora- 
tory, Lemont, Illinois. 

\luminum Alloys for Handling High 
Purity Water by W. W, Binger and 
C. M. Marstiller, Aluminum Com- 
pany of America, New Kensington, 
Pennsylvania. 


Petroleum Production Symposium 

Group Committee T-1 was responsi- 
ble for organizing the Symposium on 
Oil and Gas Production. W. F. Oxford, 
Ir, of the Sun Oil Company of Beau- 
mont, Texas and Jack L. Battle of the 
Humble Oil and Refining Company in 
Houston, Tex cas, chairman and_ vice- 
chairman respectively of T-1, are serv- 
ig as chairmen of the symposium. 

Papers scheduled to be presented are: 


Concentration Cell Corrosion of Well 
Casing Joints by representative of 
Continental Oil Company, Ponca City, 
Oklahoma. 

Casing Corrosion-Hugoton Gas Field 
by W. C. Koger, Cities Service Oil 
Company, Bartlesville, Oklahoma. 

Cathodic Protection of Mobile Off 
Shore Drilling Platforms by E, P. 
Doremus, Cathodic Protection Serv- 
ice, Houston, Texas. 


(Continued on Page 58) 


Temporary Chairman Is 
Named for T-4B-3 


J. C. Howell of the 
Electric & Gas Company, Maplewood, 
New Jersey has been ill and confined 

to the hospital. Mr. 
Howell has been 
chairman of NACE 
Task Group T-4B-3 
on Tests and Service 
years, 


Public Service 


for several 

D. R. Werner, 
American Telephone 
& Telegraph Com- 
pany, Kansas City, 
Missouri, has been 
serving as vice- 
chairman of T-4B-3 
and will assume 
duties as chairman 
during Mr. Howell’s hospitalization, 
This committee prepared a technical re- 
port on Tests and Service for Lead 
Sheathed Cables in the Utilities Indus- 
try that was published in the December 
1954 issue of CORROSION. 


Technical Committees 
Have Another Record Year 


Of Activity During 1955 


NACE have 


cord activity. 


bi 


Howell 


Technical committees of 
had another year of rec 
Meetings during the 1955 Annual Con- 
ference in Chicago in March were the 
first for most committees since the re- 
organization went into effect. More than 
60 technical committee meetings were 
held during the conference week and 
they were better attended than usual. 
More publicity was given and excellent 
programs were outlined. Increased at- 
tendance produced livelier discussions 
than in the past and there was consider- 
able comment on the increased value of 
the sessions. 

Twenty-two technical committee meet- 
ings were held during the 1955 NACE 
South Central Region Meeting in Hous- 
ton in October. Over 1000 attended this 
session of whom three-quarters regis- 
tered during the two days set aside ex- 
clusively for technical committee 
meetings. 

Two groups met during the northeast 
Region Meeting in November. All were 
well attended and it is expected more 
will be scheduled during future North- 
east Region meetings. 

Three committees convened during 
the November Western Region Meeting 
in San Francisco. Their membership is 
predominantly from the Western 
Region. 

The Technical Practices Committee 
and the NACE Board of Directors sug- 
gests more NACE Technical Commit- 
tees schedule sessions during regional 
meetings. It is the consensus this will 


(Continued on Page 60) 


a/ 


Inhibitors Reduce 
Loss on West Texas- 


New Mexico Wells 


A task group representing the West 
Texas-New Mexico area members of 
Unit Committee T-1B on Sour Oil Well 
Corrosion has presented a report to the 
unit committee. The task group re- 
ported methods used to predict corro- 
sion in a sour crude field. Principally 
three methods are being used for pre- 
diction. These methods are: Examina- 
tion of subsurface equipment, correlation 
of experience from similar fields produc- 
ing from the same formation and de- 
termination of percent of water pro- 
duced. Other methods used to predict 
corrosion include: Corrosion coupon 
tests, hydrogen sulfide determination, 
crude oil analyses and produced water 
analyses, 

The task group reported the number 
of wells being treated by producing 
formations. These were as follows: 
San Andras . ...284 Wolfcamp 
Grayburg ... ...182 Devonian 
Yates eee ee aa Glarietta 
by Big 17 El Capitan . 
Clearfork 1: Ellenburger.... 1 

In the 
injection of 


‘Trnnictliees Mexico area 
inhibitors is the 


West 
chemical 
only method in general use for the con- 


This is true primarily 
because of the good results obtained. 
Inhibitors for use in this area are 
selected on the basis of field tests, lab- 
oratory coupon and wetability tests and 
oi] and water analyses. The amount of 
corrosion inhibitor used varies among 
the different operators. Some may use 
150 to 200 ppm based on oil produc- 
tion; some use 50 to 350 ppm based on 
total fluid production; and some inject 
1 quart per well per day. 

Inhibitors have not eliminated bottom- 
hole pump corrosion but has reduced its 
severity. The frequency of inhibitor in- 
jection varies among the operators, but 
a majority use semi-weekly injection. 

The West Kansas Task Group of 
Unit Committee T-1B report the opin- 
ion that one of the most important 
phases of inhibitor treatment is circulat- 
ing time. Considerable work on this 
phase of the treatment procedure has 
been done and it was found that better 
protection can be obtained by circulat- 
ing the well longer and treating less 
frequently with smaller amounts of 
chemical. Information to date indicates 
the inhibitor travels in slugs through 
the oil column in the annular space. If 
this is true, and there is some data to 
indicate it is, then wells are not being 
treated with a smaller concentration as 
was previously supposed, but with a 
high concentration for a short period of 
time. It was thought this might be the 
answer in part to the experience the 
operators have had with inhibitors that 
are not good in the various testing 
procedures at low concentration but 
give relatively good results in the field. 


trol of corrosion. 





58 CORROSION 


New York Program— 
(Continued From Page 57) 


Cathodic Protection Tests Made on Oil 
Well Casings at Kettleman Hills, 
California by J. K. Ballou, Standard 
Oil Company of California, San Fran- 
cisco, California and F. W. Schremp, 
California Research Corporation, La 
Habra, California. 


Steel Metallurgy Symposium 

Unit Committee T-1F on Metallurgy 
is responsible for organizing the sym- 
posium on Steel Metallurgy and Cor- 
rosion. F, J. Radd of the Continental 
Oil Company, Ponca City, Oklahoma 
and F. L. Current of the Oil Well Sup- 
ply Company, Oil City, Pennsylvania, 
respectively chairman and vice-chairman 
of T-1F are the chairmen for the sym- 
posium. 

Papers scheduled to be given at the 
symposium are: 


The Role of Iron Carbides and Impuri- 
ties in the Corrosion of Plain Carbon 
Steels by D. A. Shock, F. J. Radd, 
R, L. MeGlasson and L. H. Crowder, 
Continental Oil Company, Ponca City, 
Oklahoma. 


Plastics Symposium 

Unit Committee T-5D Ma- 
terials of Construction organized 
the plastics symposium. R. B. Seymour 
of the Loven-Chemical Company of 
California, Newhall, and G. Heinemann 
of the Columbia-Southern Chemical Cor- 
poration, Corpus Christi, Texas are the 
chairmen for the symposium. Mr. Sey- 


Plastic 
has 


the structural strength 
of seamless steel 


the protection of 
pure nickel 


NATIONAL ASSOCLATION OF CORROSION 


mour was first chairman of Unit Com- 
mittee T-5D. 

Papers scheduled to be given at the 
symposium are: 


Introduction, R. B, Seymour of the 
Loven-Chemical Company of Califor- 
nia, Newhall, California. 

Properties and Performance of Thermo- 
plastics in American Industry by J. F. 
Malone, B. F. Goodrich Chemical 
Company, Cleveland, Ohio and John 
McBride, Owens-Corning Fiberglas 
Corporation, New York, New York. 

Properties and Performance of Rein- 
forced Polyester Plastics in the Chemi- 
cal Industry by R. E. Gackenbach 
and D. G. Estey, American Cyana- 
mid Company, Bound Brook, New 
Jersey. 

Impervious Graphite as an Engineering 
Material by W. W. Palmquist, Na- 
tional Carbon Company, Cleveland, 
Ohio. 

Design and Engineering of Plastic Ma- 
terials of Construction by R. P. 
Whittier and O. H. Fenner, Mon- 
santo Chemical Company, St. Louis, 
Missouri, 


The symposium on Power and Com- 
munications is not directly attributable 
to a technical committee, however, T. J. 
Maitland, American Telephone & Tele- 
graph Company, New York, New York 
and W. A. Sinclair, Detroit Edison Com- 
pany, Detroit, Michigan, chairmen of 
the symposium are officers of utility 
technical committees and all of the 
papers scheduled to be given at the sym- 
posium are authored by men who are 
very active on the utility committees. 


Papers scheduled to be given at this 
symposium are: 


ENGINEERS Vol. p 


Field Laboratory Testing of W rappings 
for Buried Structures by H. M. Clay. 
ton, Memphis Light, Gas and Wate 
Division, Memphis, Tennessee. 

Corrosion of Lead Sheathed Power 
Cables in Concrete Tunnels by R, } 
Perry, Commonwealth Edison Com 
pany, Chicago, Illinois. 

Testing Methods and Corrosion Control 
Measures for Buried Telephone 
Cables by D. R. Werner, American 
Telephone and Telegraph Company. 
Kansas City, Missouri. ; 

Corrosion Control Equipment for Up. 
derground Cables in Conduit in 
Stray Current Metropolitan Area by 
E, P. Teale, American Telephone and 
Telegraph Company, Washington, 
Dio: 


Ten Technical 
Reports Published by | 
NACE During 1955 


Seventeen technical committee reports 
were completed during 1955. Ten of] 
these were published in 1955 issues of 
CORROSION, three in the January 
1956 issue, and four are scheduled for 
publication in the next two three 
months. 


or 


Reports published in 1955 were: 

Tentative Standard Method for Meas- 
uring Electrical Conductance of Coating 
on Buried Pipe Lines, a Report of 
Technical Unit Committee T-2D on 
Standardization of Procedures for Meas- 


(Continued on Page 64) 


BART LECTRO-CLAD nickel-plated 
SEAMLESS STEEL PIPE and FITTINGS 


If you are faced with contamination and corrosion problems, 


BART LECTRO-CLAD offers an economical, yet highly satis- 


factory long-lasting solution. The ductile, adherent and pore- 
free electroplated nickel surface will withstand such materials 
as: chlorinated organics, phenol, hot caustic liquors, caustic 


soda, alcohols, glycerine, natural gas, caustic potash, formalde- 
hyde, etc. Pipe sizes: 114” to 24” diameter in 20-foot random 
lengths. Can be fabricated as easily as low-carbon steel. 


Write Dept. CO-2 today for complete de- 


tails and technical data. Names of users 
of BART LECTRO-CLAD available on 
request. 


BART MANUFACTURING CORPORATION 


229 MAIN STREET BELLEVILLE 9, NEW JERSEY 


Welding Neck 
Flanges 
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t! CAREY PIPELINE WRAPPING MATERIALS 
PROTECT THE BIGGEST “BIG INCH”! 
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Carey Offers Everything You Need In 
Pipeline Wrappings.. . 


1, CAREY GLASS. Reinforces, toughens and hardens coatings 
to resist cold flow. Made of uniformly-drawn fibers, laid in 
a pattern scientifically proved to give maximum strength. 


2. CAREY ASBESTOS PIPELINE FELT. Shields the reinforced coat- 
ing against soil stress, pressure points and extreme 
temperatures. Developed as a result of 25 years of 
proved field experience. 


3. CAREY PIPELINE PADDING. The original pipeline padding. 
Strong and flexible, it molds easily to the shape of the 
Pipe without grooving or weakening. 


For positive protection, specify the complete line of 
laboratory-tested, job-proved Carey pipeline protection 
products. Ask your Carey Sales Engineer for full data or 
write us at Cincinnati. 


ae J oe ee ae MAGNESIA 


Miles and miles of 36 inch pipeline winding across ten 
states—carrying 130 million cubic feet of gas a day— 
natural gas from Texas to heat the homes of New York 
City. That’s The Transcontinental Gas Pipe Line Corpo- 
ration’s ‘‘Super-Inch’”’! A big, tough pipeline job requiring 
positive protection. 

On a big section of this job, Transco specified Carey 
pipeline protection . Carey 8 lb. Glass Reinforced 
Asbestos Pipeline Felt, Carey Glass and Carey Pipeline 
Padding the complete Carey line of field-proved 
wrapping materials. 


For FREE BOOKLET 
of a Corrosion Engineer’s own analysis 
of pipeline protection problems write 


THE PHILIP MFG. COMPANY 


Zz 


Lockland, Cincinnati 15, Ohio 


eo 4c os 
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Technical Committees— 


(Continued From Page 57) 


strengthen the organization and permit 
more members to participate in techni- 
cal activities of the association. 


New Committees Organized 

Increased activity of the technical 
committees has attracted new members. 
Many have brought new corrosion prob- 
lems or a willingness to work on exist- 
ing problems. As a result several new 
technical committees have been formed 
whenever possible as task groups of ex- 
isting unit committees. When the scope 
of an existing unit committee will not 
cover the new problem a new unit com- 
mittee is added. 

New unit committees 
1955 include: 


Technical Unit Committee T-1M on 


added during 


Corrosion of Oil and Gas Well Produc- 
ing Equipment in Offshore Installations. 
It is interested in corrosion of equip- 
ment and installations used in offshore 
drilling and production. It endeavors to 
assemble and compile information on 
materials and techniques and makes 
such information available to those con- 
cerned. To date it has 29 members. In 
addition to several meetings a full day 
short course on surface preparation and 
application of protective coatings was 


held. 


Technical Unit Committee T-2K on 
Prefabricated Plastic Film for Pipe Line 
Coatings. This committee was organized 
to prepare a history of experience on the 
use of prefabricated plastic films such 
as pressure sensitive tapes. It also will 
study bonding agents or adhesives and 
proper application when an adhesive or 
catalyzed bonding agent is applied to 


a 


BAKED 
INSPECTED 


r laboratory=strict conditions 


Tube-Kote’s exacting inspections, matching 
research laboratory standards, mark every 
processing phase of applying corrosion and 
paraffin resistant TK-2. 

That is why more than 15 million feet of 
TK-2 plastic lined pipe is being used in 
major oil fields throughout the world—why 
more oil companies specify Tube-Kote TK-2 
plastic lining for pipe protection than any 


other lining. 


Learn the facts about TK-2, the plastic 
lining made best by 16 years of research, 


proved best by field use. 
Write for 1956 TK-2 literature. 


TUBE-KOTE, INC. 


P. O. Box 20037 
Houston 25, Texas 


PIONEERS IN PLASTICS SINCE 1939 
MANUFACTURERS-EXTRUDERS OF PLASTIC PIPE FOR THE OIL INDUSTRY 


Factory-trained field engineers available for consultation in all 
principal oil areas. 


pipe and a plastic film is applied Sep- 
arately. Water osmosis created by 
thodic protection, oil and hydrocarbon 
solubility of bonding agents, chemical 
resistance and other factors will he 
weighed. 

Pretabricated plastic films now ayail- 
able and to be discovered will be studied, 
with special attention to plasticizers to 


help prevent use of a plasticizer that @ 
will cause a breakdown of an otherwise & 
Recommendations to manv- 4 
made. The @ 
unit plans also to investigate the mois- § 
ture vapor transmission rate and chemi- § 
plastic films and to & 
application of both & 
prefabri- F 
cated films applied to pipe lines, spe- — 


good film, 


facturers and users will be 


cal resistance of 
study the proper 
pressure sensitive 


tapes and 


cifically as pipe line coatings. Twely 
members have held two meetings an 
task groups have been organized to 
study the various problems outlined in 
the scope. 


Technical Unit Committee T-5E on : 


Stress Corrosion Cracking of Austenitic 
Stainless Steel. 
ing of this committee was held in Hous- 


ton in October 1955, and the scope has q 


not been completed. 
New committees organized as Task 


Groups under existing Unit Committees 


during 1955 are: 

T-5A-6 on HF Corrosion. 
group will 
rosion related to fluorine, 
fluoride and hydrofluoric acid. 
project groups have been assigned the 
following related problems: 1) problems 
associated with the manufacture of HF, 
2) problems of cracking tower corro- 
sion, 3) problems associated with the 


hydrogen 


production of agricultural fertilizers, § 
problems in F 


and 4) process industry 
handling HF. 

T-5B-2 on Sulfide Corrosion at High 
Temperatures and Pressures in the Pe- 
troleum Industry. There was so much 
interest in the activities that the second 
committee meeting evolved into a full 
day’s session. It has compiled a_bibli- 
ography and currently is preparing 4 
progress report. It has a membership 
of 42 and applications for membership 
are still being received. 

Unit Committee T-5D on Plastic Ma- 
terials of Construction has appointed 
task groups on the following subjects: 
T-5D-1, Questionnaires; T-5D-2, Inor- 
ganic Acids: T-5D-3, Inorganic Alkalies; 
T-5D-4, Gases: T-5D-5, Water and Salt 
Solutions; T-5D-6, Organic Chemicals; 
T-5D-7, Engineering Design; T-5D-8, 
Methods and Criteria for Evaluating 
Plastics in Chemical Environments. 

Unit Committee T-6A on Organic 
Coatings and Linings for Resistance to 
Chemical Corrosion has developed task 

groups on the following subjects: 
T-6A- 1, Heavy Linings; T-6A-2, Viny! 
Coatings: T-6A-3, Vinylidene Chloride 
Polymers; T-6A-4, Phenolics; T-6A-~ 
Polyethylene; T-6A-6, Rubber and Elas- 
tomers; T-6A-7, Silicones; T-6A 
Methacrylates; T-6A- 9, Furanes; T-6A- 
10, Polyesters; T-6A-11, Epoxys; T-64- 
12, Fluorocarbons. 


Unit Committee T-1C on Sweet Oil [ 


Well Corrosion has organized task 
groups on the following subjects: 
T-1C-1, Water 
Field Practices; 
ent Corrosion, 
T-1C-3, Water 
Field Practices; T-1C-4, Water Inde 
(Continued on Page 61) 
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pied seo F Technical Committees— NOW AVAILABLE FROM GLIDDEN: Job-tested, anti-corrosive, 


ed by Ca: 
‘drocarbon & (Continued From Page 60) 
_ chemical 


-s will 5 ; pendent Corrosion, Experimental As- 
c ie 

: pects. 
now avail. # Each task group assigned represents 


be studied | a new project initiated, In addition to 
ticizers to HM these projects many more have been 
cizer that @ initiated where entire committees or 
otherwise single individuals are doing the work. 
to manu. & 
nade. The & Membership Net Increase 
the mois. 
nd chemi- 
is and to § 
of both & 
prefabri- 
lines, spe- — 


During the year there has been a net 
increase of 113 members on technical 
committees. With current total commit- 
tee membership at 941, this means a 
net gain of 13.7 percent during 1955. 
s. Twely Some have membership in as many as 
tings and & ten different committees. 
anized tof When the accumulated membership 
utlined in F of all committees is totaled disregard- 

‘ ing duplicate membership, the total is 

T-5E on f over 2000. As the results of committee 
Austenitic work is published more NACE mem- 
ynal meet- bers will take active parts in the work, 
in Hous- it is believed. 
scope has F 
: Changes in Committee Procedure 
as Task & 
»mimittees 


Saeen om 


When the Technical Committee Oper- 
ation Manual was put into effect in 
March 1954 it was realized the manual 
of eae could and would be amended as changes 
hydrogen became necessary. The Technical Prac- 
d, Four —& tices Committee made several amend- 
igned the f ments to the manual at its meeting in 
problems —) Chicago in March, 1955. These included 
e of HF, F a revised method for electing group 
er coro committee vice chairmen, revised method 
Nat tor electing unit committee officers, re- 
blems in vised procedure for organizing new unit 

committees, revised method for approv- 





TYPICAL PAINT FINISHING SYSTEMS: Here are a few of the Glidden finishing 
systems which have been field tested and are outstanding for combating 
corrosion and cutting metal maintenance costs. 


This task 


New Glidden job-tested finishing systems offer you the most durable, 
anti-corrosive protection ever available. A special system has been 
developed for every type of corrosion problem and every climatic 
condition. Two developments make this possible. 


1. New highly anti-corrosive finishes. These finishing systems 
utilize the new Vinyls and Nu-PON (epoxy) coatings. They 


at High Bing technical reports, a section on liaison have excellent chemical resistance and are outstanding for 
1 the Pe | with committees of other organizations, hardness, toughness and adhesion. 

so much — @ section on liaison between NACE . J epok ‘ yer 

ie second fF committees and a section on amending 2. Field-tested Gaisting ere: These — take the ee 
to 2 de teahaal work out of buying anti-corrosive finishes. They provide 
| a_ bibli- you with the right number of coats and the right finishes for 
paring @ Reports Are Valuable every condition. You don’t have to use four or five coats 
mbership B . ee when two will do, and you don’t have to use expensive anti- 
mbership Che most valuable publications result- ’ ) 


ing from technical committee work are corrosive paints when they are not required. 


astic Ma- the Technical Committee Reports. Re- 


ppointel F ports published in CORROSION in eS a Professional Finishes 
subjects: fF 1955 are covered elsewhere. These re- RG tan 
-2, Inor- ports occupied 49 pages of the 1955 The Glidden Company « Maintenance 


Alkalies; volume of CORROSION. M any re- Finishes Division * Cleveland 2, Ohio 





Salt . 
bee } Prints of these reports have been sold HAVE A GLIDDEN TECHNICAL SERVICE MAN GIVE YOU A NO-COST, NO-OBLIGATION, 
T-5D-& on individual orders to interested 
Iuating Persons. PAINTING ANALYSIS OF YOUR PLANT NEEDS 
1ents. The fpechhical ‘Commuttee Activities: 09) ee ae i a I Ate sin cred tag coal oe ces al a 1 
Organic Section of CORROSION is designed 
stance tof ‘0 keep the NACE membership in- | Fill in and mail to The Glidden Co., Dept. CR-256 j 
ped task f formed of the activities of the technical | 11001 Madison Ave., Cleveland 2, Ohio | 
bjects: F committees, During 1955 approximately | i om ‘ : , | 
2, Vinyl 125 articles in al Se eck al I am interested in complete I am particularly interested in 
Chloride pee ar ; es in a out 2 ; pages a sie -| details of Oo Vinyl type coatings | 
ee Ee technicz -e activities ; mare 

T-6A-3, Pin Wiis section of CORROSION a | (J Glidden Finishing Systems [] Nu-PON (epoxy) coatings ! 
oc | (] Glidden Painting Analysis (-] New Glidden Maintenance 
ei Products Catalog 
3; T-6A- | | 
s: T-6A- * 
55 14 Write for Information | 

_f | Name | 
weet Oil } about the NACE | 
2d task & Title 
bjects: fF Abstract Punch Card 
Depeal j Service. Learn how to ! Company | 
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TNEMEC 


KILLS RUST! 


Learn How 


TNEMEC 


Can Save You Money 
By Destroying Rust 


Chemically 


in Your 


Plant eeewrite today, on your 


business letterhead, 


for complete 


information on money-saving 


Tnemec Coatings. 
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Pronounced “Tee-ne’-mek* 
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W. 23rd Ave. 


North Kansas City, 


Missouri 


“Cement” Spelled Backwards 










NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Tentative Schedule of Technical Committee Meetings 
(12th Annual Conference, New York, March 12-16) 


Day 


Monday 
Morning—T-1 
Afternoon—T-1 
T-5B-2 T-6R 
Tuesday 
Morning—T-1F,H 
T-5B,D T-6B 
Afternoon—T-2A,E,J 


Wednesday 
Morning—T-1C 
Afternoon—T-1G,K 


Thursday 
Morning—T-1D 
Afternoon—T-1B,J 


T-5E 


Friday 
Morning—T-5B-2 





T-1 Corrosion in Oil & Gas 
Well Equipment, All 
Day Monday 

T-1B Condensate Well Corro- 
sion, Thursday p.m. 

T-1C Sweet Oil Well Corro- 
sion, Wednesday a.m. 

T-1D Sour Oil Well Corrosion, 
Thursday a.m. 

T-1D-1 Fundamentals of Cor- 
rosion Wednesday a.m. 

T-1F Metallurgy, Tuesday 
a.m. 

T-1G Sulfide Stress Corrosion 
Cracking, Wednesday 
p.m. 

T-1H Oil String Casing Cor- 
rosion, Tuesday a.m. 

T-1J Oil Field Structural 
Plastics, Thursday 
p.m, 

T-1K Inhibitors for Oil & 
Gas Wells, Wednesday 
p.m, 

T-2A Galvanic Anodes, Tues- 
day p.m. 

T-2A-2 Ribbon Anodes, Tues- 
day a.m. 

T-2B Anodes for Impressed 
Currents, Monday p.m. 

T-2C Minimum Current Re- 
quirements, Monday 
a.m 

T-2D Standardization of Pro- 
cedures for Measuring 
Pipe Coating Leakage 
Conductance, Monday 
p.m, 

T-2E Internal Corrosion of 
Product Pipe Lines 
and Tanks, Tuesday 
p.m. 

T-2F Internal Corrosion of 
Crude Oil Pipe Lines 
and Tanks, Monday 
a.m, 

T-2G Coal Tar Coatings for 
Underground Use, 
Monday p.m. 

T-2H Asphalt Type Pipe 
Coatings, Tuesday a.m. 

T-2J Wrappers for Under- 


ground Pipe Line 


Prefabricated Plastic 
Film for Pipe Line 
Coating, Monday a.m. 


T-2K 


T-2C,F,K 
T-2B,D,G 


T-2A-2 


T-3H 


T-1D-1 
T-3E-2 


p38 


Committees Meeting 


T-4F 
T-3B,C 


T-5A-5,6 
T-4D 


T-2H 


T-4B,-3,4,5 


T-3A,E,E-1 
T-3F 


T-4A 


T-6E,G,K 


3A Corrosion Inhibitors, 
Wednesday, a.m, 


T-3B Corrosion Products, 
Monday p.m. 

T-38C Annual Losses Due to 
Corrosion, Monday 
p.m. 

T-31) Instruments for Meas- 
uring Corrosion, Tues- 
day, a.m. 

T-3D-1 Electrical Holiday In- 
spection of Coatings, 
Tuesday a.m, 

T-3E Railroads, Wednesday 
a.m. 

T-3E-1 Corrosion of Railroad 
Tank Cars, Wednesday 
a.m. 

T-3E-2 Corrosion in Railroad 


T- 


T- 


T- 


T- 





Hopper Cars, Wednes- 


day p.m. 


3 Corrosion by High Pur- 
ity Water, Wednesday 
p.m, 

-3G Cathodic Protection, 
Tuesday a.m. 

3H Tanker Corrosion, Tues- 
day p.m. 

-4A Effects of Electrical 
Grounding on Corro- 
sion, Wednesday a.m. 

if Corrosion of Cable 
Sheaths, Tuesday p.m. 

iB-1 Lead and Other Me- 
tallic Sheaths, Tues- 
day a.m, 

{RB-2 Cathodic Protection, 
Tuesday a.m. 

iB-5 Tests and Surveys, 
Tuesday p.m. 

iB-4 Protection of Pipe 
Type Cables, Tuesday 
p.m. 

{B-5 Non-Metallic Sheaths 
and Coatings, Tuesday 
p.m. 

1B-6 Stray Current Elec- 
trolysis, Tuesday a.m. 

4 Corrosion by Deicing 
Salts, Monday p.m. 

1E Corrosion by Domestic 
Waters, Tuesday p.m. 

4’ Materials Selection for 
Corrosion Mitigation in 
the Utility Industry, 
Monday a.m. 


T-3D,-1,G 


T-6A 
T-4F-1 


T-4B-1,2,6 


T-4E 


T-6C,H 


T-4-1 Water Meter Correo 
sion, Monday p.m, 

T-5A Chemical Manufactur 
ing Industry, Monday 
p.m, 

T-5A-1 Sulfuric Acid, Mom 
day p.m. 

T-5A-3 Acetic Acid, Tuesday 
a.m, 





A-4 


T-5A-5 


T-5A-6 


T-5B 


T. 


T-5D 


T-5E 


T-6B 


T-6E 


T-6G 


T-6H 


T-6K 


T-6R 


T-6C 


5B-2 






T-5A,-1,24 


T-5A3 


Chlorine, Monday p.m 
Nitric Acid, Monday 
a.m. 
HF Corrosion, Monday 
a.m. 
High Temperature Cor 
rosion, Tuesday a.m. 


Sulfide Corrosion at 
High Temperatures) 
and Pressures in the 
Petroleum Industry, 
Monday p.m., Friday 
a.m. 
Plastic Materials of 
Construction, Tuesday) 
a.m, J 


Stress Corrosion Crack 
ing of Austeniti¢] 
Stainless Steel, Thur&] 
day a.m. 4 

Organic Coatings and™ 
Linings for Resistance 
to Chemical Corrosion) 
Monday a.m. 

Protective Coatings for 
Resistance to Atmos 
pheric Corrosion, Tue® > 
day a.m. 















Protective Coatings i 
Petroleum Productio® 
Thursday a.m. ( 






Surface Preparation for 
Organic Coatings 
Thursday a.m. 7 

Glass Linings and Vit} 
reous Enamels, Wed 
nesday a.m. 












Corrosion Resistant 
Construction with Ma 
sonry and Allied May 
terials, Thursday 4. 

Protective Coatings Re 
search, Monday p.m, 

Protective Coatings fi 
Resistance to Marl 
Corrosion, Wednesda 
a.m, 
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RECTIFIERS 


Good-All...A Name Known and Respected 
throughout the Industry! 


Corrosion engineers are constantly improving their protective systems 
to secure greater operating economy and lower maintenance costs. This 
continuing progress places premium value on dependable, trouble-free 
rectifier performance. Through 20 years experience, Good-All engi- 
neers have gained valuable know-how in all phases of rectifier de- 
sign. This practical knowledge is reflected in the electrical and 
mechanical ruggedness of all our rectifiers. Good-All Cathodic 
protection rectifiers are distributed by competent corrosion 
engineering firms in all major market areas. For detailed 
information on the full line of Good-All rectifiers we 
invite you to contact your nearest distributor or 
address an inquiry to our home office. 





Booth No. 120; N.A.C.E. Show *March 12-16 
New York City 





Distributors: 


or Wise] 9) (6 
PROTECTION SERVICE 
1639 ROBERTS STREET 

ls Bre TU Meco TIE TAT 


GOOD-ALL 


THE VANODE CO. 
880 EAST COLORADO 
PASADENA 1, CALIFORNIA 


CATHODIC 
PROTECTION SERVICE 
4601 STANFORD STREET 
HOUSTON 5, TEXAS 


CATHODIC 
PROTECTION SERVICE 
GOLDEN, COLORADO 


CATHODIC 
PROTECTION SERVICE 
314 THOMPSON BLDG. 
TULSA 3, OKLAHOMA 


DAU 8 ede 
PROTECTION CORP. 
oP Lame Uae Ay eld tt ag 


CANADIAN 
PROTECTIVE COATING LTD. 


9336 9IST STREET 
EDMONTON, ALBERTA, CANADA 


ELECTRIC MFG. CO. 122 w. Ist st., OGALLALA, NEBRASKA 
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Ten Technical— Procedure For Screening Corrosion In-_ oil and water immersion test using th 
hibitors For Use in Oil and Gas Wells, weight loss of a steel coupon whe Ten 
a Report of lechnical Unit Committee under the influence of an inhibited sys 
uring Pipe Coating Conductance. Publi- Lg P; eee w! ea tem compared to its weight loss unde 
sation 55-1. CORROSION V ; ells. Publication 55-2, C ROSTO?} an uninhibited system as a criteria of Part 
cation 55-1, (¢ ys I ol. 11, No. r ’ ote 2 : E 
2, 99t-102t (1955) February Vol. 11, No. 3, 143t-146t (1955) March. corrosion protection. © trude 
; og Need for a standard laboratory pro- Some Corrosion Inhibitors—A Ref Part. 
cedure for screening corrosion inhibitors erence List, a Report of Technical Uni cized 
for use in the oil and gas producing in- Committee T-3A on Corrosion Inhibi.§  catiot 
- stry prior ie sting, was recog- tors. Publication 55-3, CORROSION ® No. ¢ 
lines are proposed. Def ahi: (GUStLS prior to field testing, was recog ors. y 9-3, C SION, No. 
liti Any.» . eas een ee nized by TP-1 (now T-1) in 1952, A Vol. 11, No. 4, (1955) April. Da 
ditions and set up, instruments, pro- Phi On2 NACE : Satis a : ‘ ae 
cedures, calculations and methods of P4P& presented at the 1953 NACE Chemical and trade names, sources of Tenit 
Ss « c . « : 5 . qe ° - 5 ze 
Cees oo Ee eee eee - annual conference presented various supply, utility classes in which usefylf) press 
reporting results are covered. Appendix i Z ; : Se peter eae hice BA ciate a : E : 
eos as ee 3 5 methods of laboratory screening or eval- material with which effective and liter maint 
includes pertinent formulae, suggested a ee eee a gee ent re rehevamess koe lata E, : 
forms for making reports uation being used. r-1K w as organize: ture references for inhibitors anjf> sures 
tna age pags for the purpose of developing a stand- classes of inhibitors are given. This lis show 
(t nit Committee T-2D has completed — ardized test. As the result of the work consisting only of inhibitors for whic erapl 
a revision ol this report. It is expected of this committee, a standardized test literature references are available ow.— Table 
the revised version will be published has been devised and tested by various side of manufacturers’ literature, is conf) stress 
within the next few months.) producing company laboratories. The ceded to be incomplete. Suggestions { forf stren 
Proposed Standardized Laboratory test described in this report is a static additions and changes of | presentatioy Re 
are solicited by the originating con, effect 
mittee. prope 
High Temperature Corrosion Data, ; vinyl 
Compilation by Technical Unit Commit ture | 
tee T-5B on High Temperature Cor given 
rosion. Publication 55-6, CORROSION low | 
Vol. 11, No. 5, 241t-245t, (1955) May. B creep 


(Continued From Page 58) 


A general method and an attenuation 
method for measuring the electrical con- 
ductance of buried or submerged pipe 





The behavior of 31 materials rangin plied 
from cast iron to lead, including a num-f  varyi 
ber of stainless steels and high alloy —  flecti 
subjected to temperatures over 400 Fis muct 
tabulated. Data are derived from Shell— © safet: 
Development Company’s Corrosion—  ultim 
Data Survey (1948), among othe Cu 
sources. Corrosion rates are indicated af tion 
low, moderate or high versus specifi Repe 
temperatures. Additional data are solic TAC 
ited by the compiling committee. » COR 

Tenative Procedures for Preparinp (195: 
Tank Car Interiors for Lining, a Repor f Co 
by NACE Task Group T-3E-1 on CorB yay, 
rosion Control of Railroad Tank Cas fF \fet 
CORROSION, Vol. 11, No. 6, 67/P gay 
(1955) June. S hibit 

Summary of Data on Use of StrueP pat, 
tural Plastic Products in Oil Production > ;,.., 
a Status Report of NACE Technical nee 
Unit Committee T-1J on Oil Fiell ein 
Structural Plastics. CORROSION, Vai "Pees 
11, No. 6, 59-69 (1955) June. bande! 

The report covers results of a ques: wire 
tionnaire survey to determine experienc fing t 
to date. The most quantitative data de. of di 
veloped by the survey were the strap- hole 
ping data on a 250 barrel glass-polyester dilue 

ARE YOU GETTING WHAT YOU PAY FOR? and a like size glass-epoxy tank. After allov 
two years the glass-polyester tank was > La 
ee - : 4 . still creeping and subject to 0.152 per cond 
The exacting standards CSI engineers have set for themselves are cent volume change due to temperaturé ingly 
your guarantee of your money’s worth. difference between winter and summer cons 
? : F : Not enough data are available on th prep 
When you buy magnesium anodes—either bare or packaged—from glass-epoxy tank to determine cree) theo 
CSI, you get exact weight, plus or minus only the accepted three per et _ in ve — ae Be 
cent. You also get the metal composition you specify. All CSI anodes ot aie atatonas es ee ‘ re 
are just as represented. Data covers two types of laminates in whet 
; both constant load and_ fatigue type men 
CSI regularly stocks magnesium anodes in many different sizes, tests. Although tests were not comple f Som 
shapes and metal compositions to meet your needs. Included are Dow’s at the time the data again indicated tht belie 
new high-potential Galvomag anodes. CSI also offers a complete line large ae - a ee — conc 
. ee ie © . Se ae ee i in air anc 1e long-term stre ! 
of other name -brand cathodic protection materials, plus expert con- the éeevioe suvivcement: tk Se aoe 
sulting and installation services. fatigue strengths seemed higher than Wat 
; . ; ; ie : stress rupture strengths, thereby indi- & co 
Call or write today for estimates or competitive quotations. Ask for a cating repeated tank fillings might no! NA 
free copy of the latest CSI report on the subject, ‘““What size and shape be a more severe service than a tanh a 
of anode would be best on your job?” continually full. Reg: 
5 : Data on centrifugally cast pipe_ show 61-6 
that failures have occurred in 57 perf B: 
CORROSION SERVICES cent of the 21 reported installations, Tht hee 
data further indicate that the service 16 


INCORPORATED these materials is adversely affected by ’ plan 


temperatures above atmospheric 4! 





Tulsa, Oklahoma pressures above 100 psi. ' i 
S tee Fe 
P. O. Box 7343, Dept B6é Telephone: Gibson 7-0082 TAy on Ol tel Os Cae Ir 


(Continued on Page 65) 
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Ten Technical— 


(Continued From Page 64) 


Part 1. Long-Term Creep of Pipe E-x- 
truded From Tenite Butyrate Plastic. 
Part 2. Structural Behavior of Unplasti- 
cized Geon Polyvinyl Chloride. Publi- 
cation 55-7, CORROSION, Vol. 11, 
No. 6, 277t-287t (1955) June. 

Data are given of creep of extruded 
Tenite Butyrate pipe under internal 
pressure. Nine-foot lengths of pipe were 
maintained under different internal pres- 
sures. Data are given in 16 graphs 
showing individual creep data and four 

craphs summez arizing each of four groups. 

Tables are given showing safe hoop 
stress values with corresponding tensile 
strength data. 

Reports of an investigation of the 
effects of temperature on the physical 
properties of Geon non- plasticized poly- 
vinyl chloride and the effect of tempera- 
ture on short term tensile properties are 
given. The tests show that at relatively 
low stresses the deflection and rate of 
creep are directly proportional to ap- 
plied stress. Above some stress limit 
varying between 2200 and 3000 psi de- 
flection and rate of creep increase very 
much faster than stress. A minimum 
safety factor of 5 to 1 or 20 percent of 
ultimate tensile strength should be used. 


Current Status of Corrosion Mitiga- 
tion Knowledge on Sweet Oil Wells, a 
Report of Technical Unit Committee 
T-IC on Sweet Oil Well Corrosion. 
CORROSION, Vol. 11, No. 10, 61-63 
(1955) October. 

Corrosion in high pressure flowing oil 
wells is becoming increasingly common. 
Methods currently used to limit corro- 
sion damage include coated tubing, in- 
hibitors and alloy tubing, with tubing 
coated with baked on phenolics being 
favored most. Epoxies are being tested 
as a tubing coating. 

Lack of success with weighted inhibi- 
tor sticks is reported, but some opera- 
tors are pushing sticks to bottoms with 
wire tools. Bottom hole injection is be- 
ing tried by some, but because of gelling 
of diluents in wells with high bottom 
hole temperatures, caution in selecting 
diluents is advised. Results on use of 
alloy tubing are inconclusive. 

Laboratory work on duplicating the 
conditions noted with respect to spar- 
ingly soluble sulfate scales has met with 
considerable success. A technique for 
preparing artificial scale is reported. A 
theory covering the reason for the 
porosity of the scale is advanced. 

In connection with corrosion believed 
Water-dependent it is questioned 
Whether circulation of a well after treat- 
ment down the annulus is_ beneficial. 
Some organic corrosion inhibitors are 
believed to accelerate corrosion at low 
concentrations, 


Some Economic Data on Chemical 
Treatment of Gulf Coast Cooling 
piers, a Report of the Recirculating 

Cooling Water Sub-Committee of 
NACE Task Group T-5C-1 on Corro- 
sion by Cooling Waters, South ae 4 
Region. CORROSION, Vol. 11, No. 
61-63 (1955) November. 

Based on the reported expenditures 
for inhibitors used in cooling towers of 
16 Gulf Coast refineries and chemical 
plants, author estimates national cost 
of inhibitors in the chemical and re fining 
industry to be $22,500,000. 


Inhibitors are used in cooling water 


(Continued on Page 66) 
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COMMITTEE ACTIVITIES 


before you buy or specify 
protective coatings 


STUDY THIS ENGINEERING APPROACH 


COMPARE... 


Solids contents 








Coverage per gallon 





Mil feet per gallon 






Resistance to corrosive 


Estimated recoating cycles 





i) 
# 
3a 
m Mil thickness per coat 
a 
% 


Cost per sq. fts vad year 
of service 





AFTER YOU HAVE COMPARED, YOU WILL CHOOSE 
CARBOLINE COATINGS 


because Carboline Coatings score high on all these basic 
points. Use this sound engineering approach to compare 
protective coatings . . . don't buy blindly. You will convince 
yourself that quality protection is far more important and 
economical than low initial cost paint. 


FREE... new 12”x18” comparative guide form blanks 
for your use in comparing coating systems. Shows method 
to arrive at cost per sq. ft. per year of service for each sys- 
tem considered. Write for your free copy today. 


Sales Offices in New York, Philadelphia, Detroit, Chicago, 
Houston, San Francisco and other leading cities. 


A Division of Mullins 
Non-Ferrous Castings Corporation 


Specialists 
in Corrosion Resisting 
Coatings and Linings 


327 Thornton Ave., St. Louis 19, Mo. 
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Ten Technical— 


(Continued From Page 65) 


scale and corro- 
Materials used 


to regulate pH, reduce 
sion and control algae. f 
include sulfuric acid, caustic, sulfur, 
glucosates, sodium polyphosphate, so- 
dium dichromate, chlorine and commer- 
cial products. Average cost of treating 


recirculating water on the Gulf Coast 
is estimated to be $2.21 per billion 
BTU’s. Examples of costs in the three 
highest and three lowest expenditures 


reported are given. 


Reports to Technical Unit Committee 
T-1J on Oilfield Structural Plastics. 
Part 1. Long Term Strengths of Rein- 
forced Plastics Determined by Creep 
Strengths. Part 2. Microscopic Exami- 
nation as a Test Method for Reinforced 
Plastic Pipe. CORROSION, Vol. 11, 
No. 11, 57-60 (1955) November. 

Creep affects reinforced plastics and 
is a paramount factor in the determina- 
tion of long term strength of structural 
reinforced plastics. It was found that 
the resins used are the central factor in 
the long term strength of the product. 
( reep studies of a given structure using 
various resins indicate that many resins 
have the same quick bursting strength 


but the workable stress loads for long 
term life vary greatly and in direct 
relation to comparative values of the 
resins. 

Bond failure, elongation failure and 
low tensile strength failure are discussed 
briefly. A method of measuring creep 
involving the use of an extensometer 


is given. 

Microscopic equipment having a mag- 
nification power of 20-120 diameters is 
suitable for distinguishing lack of ad- 
hesion in resin to glass from fracturing 
of resin where adhesion is still satisfac- 
tory. Reflected light when shown at 
30-40 degrees to the surface of the sam- 
ple and at right angles to the direction 
of glass fibers is useful in tests. Photo- 
graphs are useful to a certain extent 
but the sample can be examined much 
better through a microscope with the 
naked eye. 

Reports completed in 1955 and pub- 
lished in the January issue of CORRO- 


CORROSION — 


















NATIONAL ASSOCIATION OF 


SION were: Final Report on Four 
Annual Anode Inspections, a Report of 
Technical Unit Committee T-2B on 
Anodes for Impressed Current. Publi- 
cation 56-1, CORROSION, Vol. 12, No. 
1, 63-74 (1956) January. 

Four test ground beds were installed 
so that comparative data could be ob- 
tained concerning the performance of 
steel anodes in natural soil, carbon and 
graphite anodes in natural soil, carbon 
and graphite anodes in carbonaceous- 
backfill and steel anodes in carbonaceous 
backfill. Representative anodes were in- 
spected at one year intervals with the 
final inspection coming four years after 
the beds were set up. 

Of the anode types tested it was 
found that graphite anodes in a carbo- 
naceous backfill gave the best results. 
Recommendations were made concern- 
ing the installation of anodes, the selec- 
tion of ground bed sites and the use of 
various backfills. 


Progress Report of Task Group 
T-4F-1 on Water Meter Corrosion. 
CORROSION, Vol. 12, No. 1, 77-80 
(1956) January. 

Susceptibility of water meters to cor- 
rosion is discussed with particular at- 
tention to the manner in which corro- 
sion affects the operation of the indi- 
vidual parts. Case studies are given with 
accompanying illustrations. Other topics 
discussed include the economic aspects 
of water meter corrosion, the nature of 
the corrosion problem and factors con- 
tributing to corrosion. Suggestions are 
made regarding the type of research to 
be conducted in future investigations. 

Tentative Recommended Specifica- 


tions and Practices for Coal Tar Coat- 
ings for Underground Use, a Report of 


Technical Unit Committee T-2G on 
Coal Tar Coatings for Underground 
Use. CORROSION, Vol. 12, No. 1, 


75-76 (1956) January. 

Recommendations are given for prac- 
tices to be adopted in the underground 
use of coal tar coatings. Topics dis- 
cussed include coating requirements, 
long term performance, coal tar primer, 
coal tar enamels and application of coal 
tar coatings to pipe. 

Reports completed in 1955 to be pub- 


The WILKINSON LINE LOCATOR 


SEES WHERE YOU CAN’T 


It will instantly locate all subsurface pipes, cables and such, and determine 
their depth too. The etched circuitry, our latest innovation, assures better 
quality control and performance than the customary hand wiring method. 
You can avoid damaged structures and loss of time with the Wilkinson Line 


Locator. 


WILKINSON PRODUCTS COMPANY 


3987 Chevy Chose Drive, PASADENA 3, CALIFORNIA. SYivan 0-4314 
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lished in the four issues 


ROSION are: 


Field Practices for Controlling Water. 
Dependent Sweet-Oil Well Corrosion, ; 
Report by Technical Unit Committee 
T-1C on Sweet-Oil Well Corrosion, 
Compiled by Task Group T-1C-1 9 
Field Practices. 

The report presents a consensus of 
the oil producing industry’s field prac. 
tices for controlling corrosion in water. 
dependent sweet-oil wells. It covers 
practices by operators in over 676 fields 
and 29,187 wells. Limits are given for — 
the various methods of classifying wells 
according to corrosiveness. Methods ar 
given for equipping wells including ney 
equipment used and special techniques 
recently developed. Special materials 
used and chemical treatments employed 
to combat corrosion are described and 
discussed. Methods are given for de. 
termining the effectiveness of chemical 
treatment. 

Status Report of Technical Unit Com. 
mittee T-1J on Oil Field Structural 
Plastics. 

Long term strength of cellulose ace- 
tate butyrate is discussed. The strengt! 
of the material had been reported pre- 
viously to be near 800 psi at about 100 
F. Recently another investigator found 
the value to be around 400 psi by a 
similar test. Reasons for the difference 
are discussed and explained by the com- 
pany making the first report. 

A report on service experience of plas- 
tic tanks is given. This supplements a 
report on this subject published in 1955. 
Cracking type failure is believed to re- 
sult from eccentric loading that come 
from filling and emptying the tank. The 
cracks generate from irregularities or 
wrinkles in the glass. If the theory 1s 
true, cracking type failure can occur 
with tanks fabricated from any resin 
system and probably can be eliminated 
only by careful glass handling and con- 
trol by the tank fabricator. 


A Bibliography of Corrosion by Chlo- 
rine. A Report of NACE Task Group 
T-5A-4 on Chlorine. 

The bibliography contains 86 abstracts 
of papers on corrosion by chlorine. It's 
indexed by materials and coded by the 
NACE Abstract Code. 

Third Interim Report of Technical 
Unit Committee T-4B on Corrosion of 
Cable Sheaths entitled “Examples 0 
Concentration Cell Corrosion on Lead 
Cable Sheaths by Task Group T-4B-l 
on Corrosion of Lead and other Metal- 
lic Sheaths. 

Conditions that will produce concen- 
tration cells are described. Corrosion 
action of the cells is discussed. An illus- 
trated example of attack on lead cable 
sheath by differential aeration cell action 
is given. Another illustrated example of 
unusual corrosion considered as a type 
of concentration cell is given. In the 
communications field a greater variety 
of corrosion by concentration cells 1 
recognized than in other fields of corro- 
sion engineering. It occurs at innumer- 
able places where metal is in contact 
both with water and air. Crevice corro- 
sion, pitting and corrosion under scale 
are almost invariably produced by dit- 
ferential aeration cells which the repott 
shows to be concentration cell action 

Reports nearing completion: 


A Report on Rigid Vinyl Coatings for 
ec to Chemical Corrosion by 
Task Group T-6A-2 on Vinyl Coatings 


(Continued on Page 67) 
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Ten Technical— 
(Continued From Page 66) 


A Report on Chlorinated Rubber 
Coatings for Resistance to Chemical 
Corrosion |; Technical Unit Committee 
T-6A on Organic Coatings and Linings 
jor Resistance to Chemical Corrosion. 


A Report on Epoxy Coatings for Re- 
sistance to Chemical Corrosion by Task 
Group T-6A-11 on Epoxy Coatings. 


A Bibliography of Corrosion Prod- 
ucts, a Report of Technical Unit Com- 
mittee T-3B on Corrosion Products. 

Includes 14 abstracts on the corrosion 
products of Zirconium; 51 abstracts on 
corrosion products of tin and tin alloys; 
9 abstracts and 35 references on corro- 
sion products of titanium; 57 abstracts 
on corrosion products of stainless steels; 
129 abstracts on corrosion products of 
iron and steel; 10 abstracts on corrosion 
products of copper and copper alloys; 
13 abstracts on corrosion products of 
zinc; 35 abstracts on corrosion products 
of silver; 23 abstracts on corrosion prod- 
ucts of lead; 49 abstracts on corrosion 
products of aluminum; and additional 
abstracts on corrosion products of mag- 
nesium, chromium and _ nickel. 


Fourth Interim Report of Technical 
Unit Committee T-4B on Corrosion of 
Cable Sheaths entitled Bonding and 
Grounding Practices for Corrosion Miti- 
gation in the Utilities Industry by Task 
Group T-4B-6 on Stray Current Elec- 
trolysis. 


Fifth Interim Report of Technical 
Unit Committee T-4B on Corrosion of 
Cable Sheaths entitled Cathodic Protec- 
tion of Cable Sheaths by Task Group 
T-4B-2 on Cathodic Protection. 
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Assured! 


See How PLS Safeguards Your Wrapped Pipe 


to Protect its Protection 





To make sure that your coated and wrapped steel pipe arrives 
in the same perfect condition in which it comes off the pro- 
duction line, PLS goes all out to protect it in transit. First, 
the car itself is prepared with layers of excelsior padding on 
supporting planks, reinforced with steel strapping. This pro- 
vides a protective cushion on which the wrapped pipe is 
cradled securely. Thus, when the top strapping is applied, 
there is no slack in the unit load—no chance for chafing or 
other damage to the protected pipe. This extra care taken in 
carloading is another reason why you can expect more for 
your protection dollar at PLS. 


Dependable Service since 1931 


PIPE LINE SERVICE CORPORATION 


Pioneers in Steel Pipe Protection 





General Offices and Plant: — Franklin Park, Illinois 


Plants also at Glenwillard, Penna.; Greggton (Longview), Texas; Corpus Christi, Texas; 
Harvey, La.; Sparrows Point, Md.; Monmouth Junction, N. J.; and Provo, Utah, 





N OUR 57 years of chemical ex- 
perience, we've never lost that 
wholehearted desire to treat our cus- 
tomers as staunch friends... to bend 


over backwards when the situation 


SCRIPPS 
. Conterer 


calls for it... and to give complete 


customer satisfaction. Wed relish 


the opportunity to show you. 


COLUMBIA-SOUTHERN |= 
CHROME CHEMICALS ||" 


SODIUM BICHROMATE ANHYDROUS SODIUM SULPHATE 
SODIUM CHROMATE POTASSIUM BICHROMATE (powdered or granuiar) 


a ace i a vt rlott 
COLUMBIA-SOUTHERN ek See aera on «New Yor 
CHEMICAL CORPORATION iy | Dattgs Hou ee 


SUBSIDIARY OF PITTSBURGH PLATE GLASS COMPANY LS ” — = = rd _ mical Limited 
} al Chemicals Division 








Fair Is Speaker at 
Kanawha Meeting 


Approximately 50 members and guests 
attended the November 17 meeting of 
Kanawha Valley Section and heard W. 
F. Fair, Jr.. Koppers Co., present a 
paper on Protective Coatings for Un- 
derground Structures. Following Dr. 
Fair’s talk Van de Linder was appointed 
as a second representative from the 
Kanawha Valley Section NACE to the 
Kanawha Valley Technical Council. 

Conrad Wiegers, Allied Services, Inc., 
chairman of the nominating committee 
named the following for section officers 
in 1956: J. M. Bates, Carbide and Car- 
bon Chemicals, chairman; George W. 
Klohr, E. I. du Pont de Nemours & 
Co., Ltd., vice-chairman; Frederick W. 
Lloyd, United Fuel Gas Co., treasurer; 
George F. Walther, Westvaco Chemical 
Div., Food Machinery and Chem. Corp., 
secretary. 

At a meeting scheduled January 19 
Wayne W. Binger was due to discuss 
Corrosion Behavior of Aluminum Alloys 
in Different Chemical Environments. 









March issue of CORROSION. 





SCRIPPS INSTITUTION OF OCEANOGRAPHY and pier at LaJolla, Cal. where the April 18-20 

Conference on Marine Corrosion and Fouling Problems will be held. It is sponsored by the Institute 

' of Marine Resources and the Department of Engineering, University of California with the 

cooperation of San Diego Section and Western Region NACE. (See Page 102, January 1956 issue 
of CORROSION for more information.) 


Truchelut Is Named to 
Head Miami Section 


H. L. Truchelut, Southern Bell Tele- 
phone and Telegraph Co., Miami, has 
been elected chairman of Miami Section 
for 1956. Also elected were N. O. Bout- 
zilo, People’s Water and Gas Co., North 
Miami, vice-chairman and H. B. Sas- 
man, Sasman Engineering Co., Miami, 
secretary-treasurer. 


Philadelphia Section’s New 
Officers Are Announced 


At the December 9 meeting of Phila- 
delphia Section the following persons 
were reported elected as officers for 
1956: T. F. Degnan, 701 W. 22nd St., 
Wilmington, Del., chairman; S. F. Spen- 
cer, Keystone Shipping Company, Phil- 
adelphia, vice-chairman and M. L. 
Rosenfeldt, Water Service Labs., Inc., 
Philadelphia, secretary-treasurer. 

es 
Corrosion is indexed annually by Engi- 
neering Index. 


Nominations for the Whitney and Speller Awards 


The Willis Rodney Whitney Award is given in recognition of public contributions to the science of cor- 
rosion. A contribution to science is defined as the development of new information or the development of 
a more satisfactory theory which contributes to a more fundamental understanding of corrosion phenomena. 
The Frank Newman Speller Award is given in recognition of public contributions to corrosion engi- 
neering. A contribution to engineering is defined as the development or improvement of a method, 
apparatus or material by which the control of corrosion is facilitated or made less costly. 
Nominations may be made by local sections or may be proposed directly to the Chairman of a Region 
by individual members up to June 1, 1956. In any case, nominations should be accompanied by an 
appropriate statement of the basis of the proposal. 
A copy of the Procedure in the Selection of Persons to Receive these awards will appear in the 


Coatings and Cathodic 
Protection Discussion 
Scheduled at Houston 


Coatings and Cathodic Protection is 
the title of the technical paper for the 
February 14 meeting of the Houston 
Section, National Association of Corro- 
sion Engineers. C. G. Munger, Vice 
President of Amercoat Corp., South 
Gate, Calif. will be the speaker. 

Mr. Munger will discuss specific types 
of coatings and their behavior in the 
presence of electrical current flow, espe- 
cially in regard to potentials which coat- 
ings can tolerate without blistering or 
being otherwise damaged. The section 
meeting will be held at John’s Restau- 
rant, 9350 S. Main St. 

At the Jan. 10 meeting, section mem- 
bers heard John Watts, technical repre- 
sentative for Internal Pipeline Mainte- 
nance Co., Odessa, Texas speak on The 
Evolution of In-Place Coating Tech- 
niques. 

The critical phase of in-place coating 
application is surface preparation, Mr. 
Watts said. Development of new and 
better equipment and techniques have 
made plastic coating in place successful, 
he said. A high solids epoxy coating 
which will stick to the pipe up to 10 
mils thick in one application and not 
flow to the bottom part of the pipe is 
now in use, he said. New methods of 
cleaning have been developed. Capacity 
of air compressors used to blow out 
lines and drive swabs through the pipe 
have increased from small compressors 
approximating 600 cubic feet of air a 
minute to 2400 cubic feet of air a minute. 
Two way radio communication and the 
use of radioactive devices to determine 
internal coating conditions and for other 
uses were mentioned by Mr. Watts. 

Humberto Lobo, Jr., Fabricas Protexa, 


S. A., Monterrey, N. L., Mexico, an- 
nounced the corrosion short course 
sponsored by NACE and _Instituto 


Tecnologico y de Estudios Superiores 
de Monterrey, scheduled for Feb. 1-3 in 
Monterrey, Mexico. 

Alvan Richey, Cathodic 
Service, Section Chairman said H. C. 
Morgan, Gulf Oil Co., who has been 
entertainment chairman for the section 
has been transferred to Morgan City, La. 
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NOTICE ON PAYMENT OF 1956 NACE DUES 


Invoices for 1956 membership dues have been sent to all Active and Junior NACE 
members. These dues are payable January 1, 1956. The NACE by-laws state that 
no member with dues in arrears for three months shall receive the publications 
of the association until such dues are paid. 


® Accordingly the names of Active and Junior members whose 1956 dues have 
not been received by March 30, 1956 will be removed from the mailing list to 
receive CORROSION. No mailings of CORROSION will be made to delinquent 
members until dues are paid. 
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Titanium Volume Is Up 


; Dollar value of titanium mill products 
engi- for 1955 is estimated at $60 millions, 
pressure with sales of sponge metals accounting 
Corp., for an additional $30 millions. An esti- 
Discuteer 30° Sta Ter mated 1900 tons of mill products were 

por produced, according to T. W. Lippert, 
National Titanium Metals Corp. of America, New 
Engineers. 
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22” style 4 
THINsulator 
shown here 














STATIC LOAD 
CAPACITIES TO 

28,000# 
Per THINsulator* 


@ NON-CONDUCTIVE 


@THIS THIN INSULATOR 
INSURES FREE MOVE- 
MENT INTO CASING 





*Stress analysis on 36” size 4 to 1 safety factor 
SIZES: 2” through 36” 


LD. Williomon.|ae. 


BOX 4038 TULSA 9, OKLAHOMA 
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CORROSION ENGINEERS 


Section and Corrosion 
are published annually in the Decembe 
issue, 





PHILADELPHIA SECTION’S Christmas party 
featured an accordionist, left, who played du. 
ing the evening. Center is James Madigay, 
Rohm and Haas Company, who helped secur 
door prizes, some of which are seen on th 
table and right is George Kern, Gates Engineer. 
ing Company, Wilmington, Del., chairman of 
the Fellowship Committee. 


Philadelphia Section Has 
56 at December Meeting 


Approximately fifty-six members an 
guests attended the December 9 mee- 
ing of the 
Poor Richard Club, Philadelphia. 

Meetings of the section had bee 
scheduled for February 10, March 1], ir 
addition the October 1956 meeting oi 
the Northeast Region which will hea¢- 
quarter in the Drake Hotel, Philadel- 
phia, Subject of the February 10 meet: 
ing is Coatings, and a film entitled “The 
Story of Colonel Drake,” which deals 
with the discovery of oil at Titusville, 
is also scheduled to be shown. 

The technical phase of the Decembe: 
9 meeting consisted of showing a sound 
color movie entitled “Mining of Nickel,” 
released by the International Nickel 
Company, Inc. The film detailed the 
physical and engineering aspects of the 
search for nickel ore, location of the 
strike, creation of the mine and methods 
of extracting ore from the earth. The 
five principal methods of removing the 
ore are: Square set method, cut and fill, 
shrinkage, open pit, and caving mining 


Internal Coatings Is Topic 


At Permian Basin Session 


William T. Theis of the Internal Pipe- 
line Maintenance Company, Odessa 
Texas spoke on “Reasons for and Meth 
ods of Internally Coating Pipe Lines i 
Place” at the December 12th meeting 0! 
the Permian Basin Section before apf- 
proximately 32 members and guests. 
Section officers for 1956 introduced 
were as follows: John V. Gannon, The 
Texas Company, chairman; Harold § 
Winston, Gulf Oil Corp., _wice 
chairman; W. H., (Jack) Gray, Sivalls 
Tanks, Inc., second vice- chairman; Ros- 
coe Jarmon, € 
retary-treasurer; 
Internal 
trustee. 


Fohn. GC, 


Pipeline 


® 
Corrosion’s 
Committee 
Abstract Section 


Indexes to Technical Sec 


tion, Technical 


Vol. 2p 


Philadelphia section at the} 


first vice 


cardinal Chemical Co., sec § 
Watts, Jt. 
Maintenance (0. 
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6 North Texas Section. At Dallas, 
Cathodic Protection Ground Beds 
by J. L. Pool, Magnolia Pipe Line 
Co. 
Schenectady-Albany-Troy Section. 
R. C. Ulmer, Combustion Engi- 
neering, Inc., “General Corrosion 
stmas party Problems in Industrial and Marine 
played du. 3oiler Operation.” 
S Madigan, 8 Greater Boston Section. Hotel 
Iped secure Beaconsfield. Corrosion of Light 
een on the Metals, R. R. Cope, Aluminum 
es Engineer. Company of America. 
‘hairman of 14 Houston Section. John’s Restau- 
rant. C. G. Munger, Amercoat 
Corp., South Gate, Cal., “Use of 
Coatings in Industry.” 
H 15 Genesee Valley Section. Joint 

as meeting with American Institute of 
Chemical Engineers. Subject: 


When you use a 
Valdura Metal Primer 
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ting Kel-F Coatings. 
ubers an 21 Chicago Section. Chicago Engi- 
- © waa neers Club. M. G. Fontana, Ohio 
meet- : ee eis ar gape 2 
1) ae State University, “Various Ap- 
, at the nehes c - Probie ” 
eas proaches to Corrosion Froblems. 
had tue 21. Cleveland Section. Hotel Manger. 
rch Ite Corrosion in Military Installations. 
ecting a Col. Lindsay M. Applegate, U. S. 
vill head: Army Corps of Engineers, Omaha. CORROSION 
Philadel 23. Sabine-Neches — Section. Orange, 
10 a Texas. Corrosion Problems in 
led wT High Speed Rotary Compressor, 
ch le i A. D. Hardgroder, Mathieson 
r : wille Chemical Corp., Lake Charles, La. 
itusvil; F 28 = Southwestern Ohio Section. 
— Shuller’s Restaurant, a 
a sound o co Me acer. The vehicle in each of Valdura’s Metal Primers is care- 
Nickel,” a ; ja? fully formulated to provide maximum exclusion of corro- 
11 Nickel ? sive elements. Waterproof oils, alkyd resins perfected in 
‘led ate Valdura’s ultra-modern resin plant, and top-quality bake- 
ts of the lite resins are used in varying proportions to suit the 
1 of the NATIONAL, REGIONAL particular purposes of each individual primer. 
methods 
rth. The te KON MEETINGS and 
nr ae [als? : 
taal = “=| SHORT COURSES Pigments which are inhibitive to the electro-chemical 
mae action which takes place in the corrosion of metal are 
: incorporated in each of Valdura’s Metal Primers, differ- 
ing in composition and quantity to answer the needs for 
pic Mar. 12-16—NACE 12th Annual Con- which each primer has been devised. These pigments in- 
ference and Exhibition, Statler Hotel, clude the complex salts of potassium and zinc chromate 
ion New York City. as well as red lead. 
s Oct. 23-26—South Central Region, Gun- 
. a oa Hotel, San Antonio, Texas. 
red = ...and a BIG PLUS! 
d Meth- Mar. 11-1I5—NACE £ al Conference “ 
Lines it Kiel cues ee tee. Each one of Valdura’s Metal Primers is designed to be 
eting of 1958 ary : F not only the most effective primer for its purpose, but 
fore ap- Mar. 17-21—NACE Annual Conference, also to provide complete compatibility with a Valdura 
ruests. Civic Auditorium, San Francisco, Cal- top coat so that primer and top coat together will produce 
roduced ifornia. a perfect protective coating. 
on, The 1959 raed Your BIG PLUS in using a Valdura Metal Primer is the 
irold § NACE Annual Conference, Sherman teamwork you get from that primer and the finish coat 
te Hotel, Chicago, Illinois. to provide maximum performance. 
o1Valls 
n; Ros- SHORT COURSES 
5O., sec: & 1956 


tts, Jr, Feb. 15-17—Tulsa Section Seventh An- 

ce (Co, nual Corrosion Short Course for Pipe- 
liners, Mayo Hotel, Tulsa, Okla. 

Apr. 3-5—Corrosion Control Short 
Course, University of Oklahoma. 

Apr. 18-20—Conference on Marine Cor- 
rosion and Fouling Problems, Scripps 
{stitution of Oceanography, LaJolla, 
al. 
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101 E. Ontario St., Chicago 11, Ill. 2) 
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Central Oklahoma Section 
Names Officers for 1956 


At the December 27 meeting of Cen- 
tral Oklahoma Section the following 
officers were elected for 1956: Loyd 
Goodson, Oklahoma Natural Gas Co., 
chairman; E. G. Stevens, Dowell, Inc., 
vice-chairman; Richard V. James, Uni- 
versity of Oklahoma, secretary-treasurer. 

Dan Carpenter, W. H. Meigs, and 
R. V. James, were appointed a commit- 
tee to arrange a new meeting place. 

Plans for the 1957 South Central 
Region meeting also were discussed and 
the following persons were elected offi- 


cers to handle arrangements for this 
meeting: General chairman, Dan _ H. 
Carpenter; W. H. Meigs, assistant; 


CORROSION——-NATIONAL ASSOCIATION 


OF 


finance chairman, Frank B. Burns, Kerr- 
McGee Oil Industries, Inc.; entertain- 
ment chairman, Earl Shaffer; publicity 
chairman, E. G. Stevens, Dowell, Inc.; 
A. L. Minnick, Oklahoma Natural Gas 
Co., assistant; registration and housing, 
M. L. Steffens, Oklahoma Natural Gas 
Co.; printing, Loyd Goodson, Okla- 
homa Natural Gas Co.; properties, R. D. 
McDonald, Oklahoma Natural Gas Co., 
chairman, M. E. Pourchot, Central Plas- 
tics Company, assistant. 


Two-Day Houston Section 
Course Held Jan. 19-20 


First day orientation on fundamentals 
at Houston Section’s short course on cor- 
rosion held January 19-20 at University 


























New RUBEROID PIPELINE SHIELD 


means extra safety in extra tough areas 


V.I.P..s (Very Important Pipelines) take 
an extra beating in mountain cuts and 
river crossings from rock abrasion and 
penetration. The standard covering of felt 
and enamel is not enough to insure long, 
maintenance-free performance. In such 
areas, Ruberoid’s new Pipeline Shield is 
the made-to-order extra protection that 
pipelines need. 

Pipeline Shield is made of two or three- 
ply premium felt impregnated with bitu- 
men. It’s extra tough and durable to with- 
stand extremes of abrasion and penetra- 
tion...to keep lines operating without 
costly interruptions for repair. 

Pipeline Shield is easy to apply right 
over the felt outer covering. Available in 
5’ lengths ...in widths from 12” to 116” 
to fit any size pipe. One or two man crews 
can quickly install it with 1” metal strap- 
ping. Seals (660 per 1000’) are just as 
simple to install. 








Us te) | Kee 


When laying pipelines through rocky 
areas or underwater, give them that extra 
margin of safety with Ruberoid Pipeline 
Shield. It will mean extra years of trouble- 
free performance in those extra tough areas. 


METHODS OF APPLICATION 


BUTT JOINT 
Recommended for 
underwater 


LAP JOINT 


Additional lap for top 
use. of pipeline available. 





500 FIFTH AVE., NEW YORK 36, N. Y. 


National Distributor: S. D. Day Company, 1973 West Gray St., Houston 19, Texas 


“Serving All Pipelines” 
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of Houston was accomplished with the P 
International Nickel Company’s motion 
picture “Corrosion In Action.” Maurice 
A. Riordan, Rio Engineering Co., Hoys. 
ton, was in charge of the fundamentals F 
phase of the program. 


Other phases of the instruction were f 
handled as follows: External corrosion, f 


L. G. Sharpe, Napko Paint and Varnish 
Co.; fundamentals of cathodic protection, 
Marshal M. Parker, Cormit Engineering 
Co.; internal corrosion, Lyle R. Shep- 
pard, Shell Pipe Line Corp.; system de. 
sign and instruments, O. W. Wade 
Transcontinental Gas Pipe Line Co, 

C. L. Woody, United Gas Corp., is 
general chairman; J. H. Spracklen, 
Transcontinental Gas Pipe Line Corp, 
arrangements chairman; W. A, Wood, 
Jr., Products Research Service, program 
chairman; Loyd Nelson, Shell Pipe Line 
Corp., registration chairman; John E, 
Loeffler, Thornhill-Craver Co., finance 
chairman and W. H. Waring, Johns- 
Manville Sales Corp., printing and pub- 
licity chairman, 


Monterrey Short Course to 
Be Held February 1-3 


The complete program for the Febru- 
ary 1-3 Short Course on Corrosion at 
Instituto Tecnologico y de_ Estudios 
Superiorer de Monterrey, Monterrey, 
Mexico has ben announced as follows: 


February 1 

Introduction, Ing, Eliot Camarena, direc- 
tor of the Engineering Schools of 
ITESM. 

Corrosion and Cathodic Protection Sim- 
plified, G. R. Olson, United Gas Pipe 
Line Co., Shreveport, La. 

Protective Coatings, W. F. Fair, Jr., Kop- 
pers Co., Inc., Pittsburgh. 

Insulated Couplings—When Where and 
How to Insulate, R. B. Bender, Plas- 
tic Engineering and Sales Corp., Fort 
Worth. 

Plastic Tapes—A New Development in 
Pipe Line Coatings, R. B. Bender, 
Plastic Engineering and Sales Corp, 
Fort Worth, 







February 2 
Corrosion Control Instruments, W. H. 
Stewart, Sun Pipe Line Company, 
Beaumont, Texas. ; 
Galvanic Anodes, E. P, Doremus, Ca- 
thodic Protection Service, Houston, 
Protecting Multiple Pipe Lines, Derk 
Holsteyn, Shell Oil Co., Houston. 
Plant Protection Problems, John W. 
Jenninga, Compania Carbonifera de Sa- 
binas, S. A. Rosita, Coahuila, Mexico. 


February 3 

Protecting a City’s Gas Distribution Sys 
tem, Sidney E, Trouard, New Orleans 
Public Service Co., New Orleans. 

Organization for Corrosion Control, 
K. D, Wahlquist, Southern Union Gas 
Company, Dallas. 

3rief History of Protective Pipe Coat- 
ings in the United States, Thomas F. P. 
Kelly, Mavor-Kelly Company, Hous 
ton. 

Protective Coatings in Mexico, Hum 
berto Lobo, Jr. Fabricas Protexa, 5. A. 
Monterrey, N. L., Mexico. 

Closing remarks, Ing. Victor Bravo 
Ahuja, Rector, Institute of Technol- 
ogy, Monterrey. 
The National Association of Corrosioil 

Engineers is cooperating in presenting 

the course, 
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Pipe Line Corrosion Is 
Toronto Symposium’s Topic 


Toronto Section’s February 16-17 Sym- 
posium on Pipe Line Corrosion to be held 
at the Roy: , York Hotel, Toronto will 
have the following program: 

History and Future of Pipelining in 
Canada by T. S. Johnston, president In- 
terprovincial Pipe Line Co., Toronto. 

Planning a Pipeline by Clark Root, 
Divisional Manager, C anadian Bechtel 

Toronto. 

Corrosion Survey and Planning by 
Gordon Russell, vice-president, Mid-Can- 
ada Contractors, Ltd., Toronto. 

Pipe Line Contracting by R, Banister, 
president, Banister Construction Ltd., 
Edmonton, Coating Practices by Alex 
McClure, Western ee Kop- 
pers Products Ltd., Edmonton. 

Cathodic Protec tion by H. A. Webster, 
corrosion engineer, Corrosion Services, 
Ltd., SP eeonto, 

Corrosion Inspection Practices by F. 
Farrer, corrosion engineer, Trans-North- 
ern Pipe Line Company, Toronto. 

Corrosion Testing Equipment by A. B. 
Murdison, Electrical and Instrument En- 
gineer, Imperial Oil Co., Pipe Line Divi- 
sion, Toronto. 

What Management Expects from a 
Corrosion Engineer by W. L. Dutton, 
Technical Consultant, United Gas and 
Fuel Co., Hamilton. 

Also scheduled for presentation is a 
film produced by Consumer’s Gas Com- 
pany, Toronto with W. Landon, assistant 
superintendent of construction and main- 
tenance as commentator. A panel discus- 
sion for presentation of individual ques- 
tions will follow the formal papers. 

Lance Rumble, general manager, GMC 
Toronto Truck Retail Branch will be 
guest speaker at a dinner February 16. 


Aaron B. Bagsar 


Aaron B. Bagsar, chief metallurgical 
engineer for Sun Oil Company, died at 
his home, Drexel Hill, Pa., October 7. 
He was 58. 

He had been connected with the com- 
pany’s Marcus Hook refinery since 1932. 

A native of Turkey, he came to the 
United States at 17 years of age after his 
family had been wiped out in the First 
World War. He received a BS degree 
from University of California in 1924 and 
a MS at the University of Idaho in 1925. 
\ year later he received a PhD from Co- 
lumbia U niversity. 

He served on a special materials sub- 
committee for the American Bureau of 
Shipping and was a member of ASTM, 
The Electrochemical Society, ASM, 
AWS, API, NACE and the AIME. 


Southeast Region to Meet 


Southeast Region’s spring 1956 meet- 
ing will be held May 4-5 at Atlanta, Ga. 
® 
By far the greater part of all technical 
material published in Corrosion is found 
NM no other periodical. Two of every 
three editorial pages contain material 

with reference value, 
a 
Technical material published in Corro- 


sion is abstracted in the biennial Biblio- 
es. ae of Corrosion published 


by NA 
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IF IT’S 
WORTH 
PROTECTING 

IT’S WORTH 
PROTECTING 
WELL 


Why risk failure of a well engineered cathodic protection 
system by using inferior materials ? 


For positive protection of pipelines and other under- 
ground metal structures, use Federated Magnesium Anodes. 
Note these exclusive features: 


@ Patented electro-galvanized, spiral wound strip core 
is completely bonded to the magnesium alloy for perfect 
electrical contact. 

@ Full length core assures complete anode consumption. 


®@ Silver soldered, connecting wire joints provide depend- 
able, high-strength low-resistance joints. 

Federated makes the widest selection of magnesium 
anodes in the field. All regular sizes and specifications 
are available, and special requirements can be met. 

A complete line of zinc anodes is also available made 
from Special High Grade low iron anode zinc. 

Corrosion Advisory Service is at your disposal through 
Federated's 13 plants and 23 sales offices. 


Sedeittd Mélile 


DIVISION OF AMERICAN SMELTING AND REFINING COMPANY 
120 BROADWAY, NEW YORK 5, N. Y. 
IN CANADA: FEDERATED METALS CANADA, LTD., TORONTO AND MONTREAL 


ALUMINUM, MAGNESIUM, BABBITTS, BRASS, BRONZE, ANODES, ZINC DUST 
DIE CASTING METALS, LEAD AND LEAD PRODUCTS, SOLDERS, TYPE METALS 








CORROSION—-NATIONAL ASSOCIATION OF 


You can 


see why 


Saran Lined Pipe 
cuts corrosion costs 


It’s made of corrosion-resistant saran swaged into rigid 
non-bursting steel . . . liquid never touches metal in these installations 


Here’s your best way to convey acids, 
alkalies and other corrosive liquids— 
saran lined pipe, fittings and valves. 
This modern piping is corrosion resist- 
ant... forms snug, leakproof joints... 
is available for working pressures up 
to 150 psi. Fittings and valves are also 
available in steel for working pressures 
to 300 psi. 


Installation costs are low with saran 
lined pipe, fittings and valves. Saran 
lined pipe can be cut and threaded in 


Saran Lined Pipe is Manufactured by 
The Dow Chemical Company, Midland, Michigan 


the field with available pipe-fitters’ 
tools. Its rigidity means few supporting 
structures are needed. 


Saran lined pipe has an outstanding 
record of trouble-free performance in 
the chemical, petroleum, waste, pulp 
and paper, metal finishing, and food 
processing industries. For further in- 
formation send in the coupon at the 
right. THE DOW CHEMICAL COMPANY, 
Midland, Michigan. 
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at a flanged connection like this. 


Liquid never touches metal in saran lined pipe even 


Paes ae Se 


Saran Lined Pipe Company 
2415 Burdette Avenue 
Ferndale 20, Michigan 


Dept. SP625D 


Please send me information on saran lined pipe, valves 
and fittings. 


——————— 


Name___ 


CARROT .... x. wsittnthiniainsnsinigeninnitiinnnagnemiiingomle 


Address. 


CN ic ika ide lentil ince ceattereniaintil State__—_ 
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you can depend on DOW PLASTICS 
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ADVANCE NEWS ON TWELFTH ANNUAL CONFERENCE 


14 Symposia, 3 Discussion Sessions Are Set 


Gas Turbine Paper 
Qualified E.L. Simons 
For Junior Award 


A paper on the effects of sodium sul- 

fate in gas turbines, concerned with the 
corrosion of metals attacked by deposits 
formed by residual fuels was judged 
most meritorious of those published in 
1955 in CorROSION by 
an author under 35 
years of age. This 
paper, authored by 
Edward L. Simons, 
George V. Browning 
and H. A. Liebhaf- 
sky, “Sodium Sulfate 
in Gas Turbines,” 
was published begin- 
ning on page 505t of 
the December, 1955 
issue. All authors are 
with the General 
Electric Company. 


The author selected Simons 
to receive the 1955 NACE Junior Award, 
Edward L. Simons, is a research associ- 
ate in the Analytical Chemistry Unit, 
General Electric Research Laboratory, 
Schenectady, N. Y. He has been active 
in NACE affairs, having been the 1955 
chairman of Schenectady-Albany-Troy 
Section. 

His interests technically include in- 
organic analysis, phase equilibria and 
corrosion phenomena. He holds a PhD 
in chemistry from New York University 
in 1945 and after two years on the Man- 
hattan Project, was an assistant pro- 
fessor at Rutgers University. 

He is a member of NACE Unit Com- 


mittee T-3B on Corrosion Products. 


Advance Program, Hotel 
Registration Cards Mailed 


Copies of the advance program for the 
1956 Conference in New York have been 
mailed to NACE members. The advance 
program, correct as of about January 15, 
plus a card for use of those who want to 
register in advance and a hotel reserva- 
tions card were mailed from Central 
Office during the last week in January. 
Members who did not receive the mail- 
ing and who need the information may 
get a copy on request. 


Banquet Events Follow 
Usual Pattern at N. Y. 


Presentation of the NACE Awards 
and the Junior Award will be made dur- 
ing the annual banquet Wednesday, 
March 14 in the Penn Top Room of 
Hotel Statler, New York. Also sched- 
uled is entertainment to follow the pro- 
gram and dinner. An orchestra will play 
during the evening. 

@ 
More than 230 authors contributed to 
the Technical Section in Volume 11, 
Corrosion, 


Only a Few Booths Left 
In Corrosion Show 


Only a few booths remain unsold in 
the 1956 Corrosion Show which will be 
held concurrently with the 1956 NACE 
Conference at Hotel Statler, New York. 
Fifteen more companies have con- 
tracted for space since the report pub- 
lished in January CORROSION. They 
are: 

American Coating Supply Co., Brance 
Krachy Company, Clementina Limited, 
General Alloys Company, Harco Cor- 
poration, Inertol Company, Inc., Insul- 
Mastic Corporation of America, Na- 
tional Lead Company, Niphos Process 
Sales Corporation, Remco Manufactur- 
ing Company, Inc., Shell Chemical 
Company, Shell Oil Company, The Spee- 
flow Company, Tinker & Rasor, Treto- 
lite Company (A Div. of Petrolite Corp.) 


TECHNICAL PROGRAM 


MONDAY—March 12 
Committee meetings all day. 


TUESDAY—March 13 
Business Meeting 
Corrosion Principles Symposium 
Chemical Inhibitor Symposium 
Refinery Industry Symposium (Part 1) 
Oil and Gas Production Symposium 
High Purity Water Symposium 
Educational Lecture 


WEDNESDAY—March 14 

Chemical Industry Symposium 
(Part 1) 

General Pipe Line Symposium 

Steel Metallurgy and Corrosion 

Chemical Industry Symposium 
(Part 2) 

Power and Communications 
Symposium 

Pipe Line Group Discussions 

Educational Lecture 


THURSDAY—March 15 
Cathodic Protection Symposium 
Plastics Symposium 
Refinery Industry Symposium 

(Part 2) 

Elevated Temperature Symposium 
Protective Coatings Symposium 
Worldwide Developments in Corrosion 
Educational Lecture 


FRIDAY—March 16 
General Corrosion Round Table 
Pipe Line Underground Round Table 


Fellowship Hour to Be 
Held in Penn Top Room 


The Fellowship Hour of the 12th An- 
nual NACE Conference will be held in 
the Penn Top Room of the Hotel Statler 
on Tuesday, March 13, after the close of 
the technical sessions. 

2 
Indexes to Corrosion’s Technical Sec- 
tion, Technical Committee Activities 
Section and Corrosion Abstract Section 
are published annually in the December 
issue. 


Technical Program to 


Be Most Extensive 
In NACE History 


With fourteen symposia and three dis- 
cussion sessions scheduled during the 
technical program at the NACE Twelfth 
Annual Conference and Corrosion Show 
March 12-16 in New York there is sub- 
stantial assurance a wide variety of in- 
formation will be available. The number 
of symposia has necessitated for the 
first time in NACE history, scheduling 
triple simultaneous sessions. 

In addition to the technical program, 
there will be meetings of more than 60 
of the NACE technical committees, of 
the standing committees and the usual 
social events, including the annual ban- 
quet at which the NACE Awards and 
the annual Junior Author’s Award will 
be presented. 

Among the other innovations there 
will be for the first time a symposium 
of papers of authors from outside North 
America. This presentation will em- 
phasize the international aspects of cor- 
rosion mitigation and underline the in- 
fluence NACE has had in encouraging 
the organization of associations for cor- 
rosion control abroad. 

The schedule of events has been ar- 
ranged to permit registrants to visit the 
Corrosion Show both before and after 
technical sessions and during the mid- 
day recess. The Corrosion Show will 
include the usual broad distribution of 
products and services, including many 
newcomers at NACE exhibitions. 

Advance registration procedure has 
been arranged. Notices will be sent 
NACE members sufficiently far in ad- 
vance for them to send in their requests. 
Their registration cards, badges, ban- 
quet tickets and other items will then 
be prepared in a package for distribu- 
tion when they arrive at Hotel Statler. 
There will be a separate table for pre- 
registrants and it is expected this will 
materially speed the procedure. 


Advance Registration 
Forms Will Be Mailed 


Plans have been completed for ad- 
vance registration for the 12th Annual 
Conference and Corrosion Show. Mem- 
bers of NACE will receive by mail a 
form which will permit their indicating 
their needs and these will be used to 
prepare packets. 

When a registrant who has pre- 
registered applies at the pre-registration 
desk at Hotel Statler, he will be given 
his packet, which will include the things 
requested. No money will be sent in 
with advance registrations. 

Members are encouraged to pre- 
register so that the usual waiting at the 
desks can be minimized. 

e 
By far the greater part of all technical 
material published in Corrosion is found 
in no other periodical. Two of every 
three editorial pages contain material 
with reference value. 
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Fretting, Fatigue Corrosion Principles Topics| 


Fundamentals of 


Complex Reactions 
Will Be Discussed 


The recurring necessity to emphasize 
the fundamental aspects of corrosion re- 
actions is recognized in the Corrosion 
Principles Symposium scheduled to be- 
gin at 10:15 am Tuesday, March 13. 
This symposium follows immediately 
after the annual business meeting and 
is concurrent with the Chemical In- 
hibitor Symposium. 

R. B. Hoxeng, United States Steel 
Corp., Applied Research Laboratory, 
Monroeville, Pa. and W. A. Luce, The 
Duriron Company, Dayton, Ohio are 
chairmen. 

Papers scheduled to be presented 
concern fretting and fatigue. Abstracts 
follow: 


Fretting Corrosion by H. H. Uhlig, 
Massachusetts Institute of Technol- 
ogy, Cambridge. 

Fretting corrosion occurs whenever a 

metal in contact with another metal or 

non-metal is subject to relative slip. 

Damage of this kind presently worries 

the mechanical engineer who designs or 

operates vibrating machinery and struc- 
tures and the problem is one which the 
corrosion engineer should know more 
about. Examples of fretting damage to 
industrial equipment are reviewed, to- 
gether with fundamental factors enter- 
ing the extent of damage such as en- 
vironment, load, magnitude of slip and 
frequency of vibration. The mechanism 
of damage is discussed and remedial 
measures are outlined based on prac- 
tical experience and on suggestions de- 
rived from the proposed mechanism. 

© 

Corrosion Fatigue by I. Cornet, Uni- 
versity of California, Berkeley. 

Metals: subjected to cyclic tensile stress 

in a corrosive environment may suffer 

an attack known as corrosion fatigue. 

The part subjected to alternating stress 

shows numerous deep sharp pits; from 

many of these pits cracks emanate and 
failure originates at one of these cracks. 

Corrosion fatigue damage is more 
common than is generally appreciated. 

It results in failures of components un- 

der cyclic stress at a fraction of their 

conservative design strength and time, 
failures which are not anticipated by 
conventional design data on fatigue or 
corrosion alone. For example, in car- 
bon and low alloy steels the improve- 
ment in mechanical properties obtained 
by cold working or heat treatment is 
of little or no benefit in resisting the 
ravages of corrosion fatigue. 
Corrosion fatigue can be eliminated 
by suitable selection of materials, but 
this may not be economic. In a suscep- 
tible material, corrosion fatigue may be 
controlled by reducing stresses through 
appropriate design, Cathodic protection 
can be effective and in many cases the 
use of an inihbitor has proved to be 
economical in halting corrosion fatigue. 
a 

A 10-Year Index to the material in Cor- 

rosion Technical Section 1945-54 inclu- 

sive will be published soon. 


Cornet Hoxeng 


ABOUT the AUTHORS 


HERBERT H. UHLIG—Presently professor of metal- 
lurgy in charge of the MIT Corrosion Laboratory, he 
is editor of the Corrosion Handbook and author of 
numerous technical papers on corrosion, electro- 
chemistry and metallurgy. Currently president of The 
Electrochemical Society, he helped found and is a 
member of the newly organized Corrosion Research 
Council of the Engineering Foundation. He is a 
member of the advisory committee of the Prevention 
of Deterioration Center of the National Research 
Council, a member of the American Academy of Arts 
and Sciences and of several technical societies here 
and abroad. He has been in corrosion research for the 
past 20 years and in 1951 received the NACE Willis 
Rodney Whitney award. His interests are mainly on 
studies of corrusion mechanisms and control. 


ISRAEL CORNET—Associate Professor of process 
engineering at the University of California at 
Berkeley. He has been a member of the NACE 
Awards committee and is active in the educational 
work of Western Region NACE, helping organize and 
conduct short courses and conferences on corrosion 
in California. He teaches corrosion at the university, 
is active in research, particularly on corrosion fatigue 
and stress corrosion. 


NORMAN HACKERMAN—Chairman of the chemistry 
department of the University of Texas, he has been 
active in NACE affairs for many years. Author of 
many technical papers on corrosion processes, he is 
head of the NACE Education Committee and partici- 
pates in the administrative and technical committee 
activities of the association. He has a PhD from 
Johns-Hopkins University (1935). 


HARRY R. COPSON—Dr. Copson, head of the Cor- 
rosion Section of the Research Laboratory, The Inter- 
national Nickel Co., Inc., Bayonne, N. J., has been 
chairman of the Corrosion Division of The Electro- 
chemical Society and general chairman of the so- 
ciety‘s 1953 New York meeting. In 1949 he was 
chairman of the AAAS Gordon Research Conference 
on Corrosion and in 1946 was awarded the Dudley 
Medal of the ASTM. Active on many corrosion com- 
mittees, author of many papers, he has a BS from 
University of Massachusetts (1929) and PhD in 
physical chemistry from Yale (1932). He has been 
active in corrosion research since 1934. 


Three Educational 
Lectures to Be Given 


Three educational lectures will be 
given during the 1955 NACE 12th An- 
nual Conference. These lectures, which 
have attracted overflow crowds at every 
session since they were started some 
years ago, will be held beginning at 4:30 
pm on Monday, Tuesday and Wednes- 
day, March 13, 14 and 15. 

F. H. Beck, Ohio State University, 
Columbus and J. J. Harwood, Office of 
Naval Research, Washington, D.C. are 
chairmen. 

Available 


A Fundamental Approach to the Me- 
chanisms of Corrosion Inhibition by 
Norman Hackerman, University of 
Texas, Austin. 

If the definition of corrosion inhibition 

as the treatment of the metal surface in 

place by addition of a chemical to the 


abstracts follow: 


Hackerman Copson 


CORROSION PRINCIPLES 


Fretting Corrosion by H. H. Uhlig, Mas- 
sachusetts Institute of Technology, 
Cambridge, Massachusetts. 

Corrosion Fatigue by Israel Cornet, Uni- 
versity of California, Berkeley, Calif. 


EDUCATIONAL LECTURES 


A Fundamental Approach to the Mecha- 
nisms of Corrosion Inhibition by Nor- 
man Hackerman, University of Texas, 
Austin, Texas. 

The Relation of Thin Films to Corrosion 
by T. N. Rhodin, E. 1. DuPont de 
Nemours and Company, Wilmington, 
Delaware. 

Effects of Velocity on Corrosion by H. R. 
Copson, The International Nickel Co., 
Inc., Bayonne, N. J. 


environment is accepted, it follows that 
inhibition is always preceded by adsorp- 
tion. Adsorbed material may be held to 
the solid surface by purely physical ad- 
sorption or it may be attached by bonds 
which are more nearly like those which 
hold together the component particles 
of molecules. This is chemisorption. 
With either type of attachment the i 
hibitor provides a more or less com- 
tinuous barrier between the two react 
ing phases. Such separation is one 0 
the three general ways of retarding cof 
rosion or any heterogeneous reaction. 
The other two are: Reduction in re 
activity of the environment and reduc- 
tion in reactivity of the metal. The 
latter kind of function can be provided 
by inhibitors also but in such cases 
chemisorption is required. 

Either kind as well as extent of sorp- 
tion, can be related to the structure o 
the adsorbing particle. Hence the er 


(Continued on Page 104) 
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This exclusive 5-minute operation 


gives WROUGHT IRON obuiit-in 


protection against corrosion 


The pig iron has been melted in the 
cupolas . . . purified by the bessemer 
converter. An exact iron silicate has 
been readied in special rotary fur- 
naces and moved by ladle beneath 
the machine holding the highly re- 
fined, molten iron . . . everything is 
ready for the key step. 

The signal is given. The processing 
machine tips its ladle forward. 
Molten refined iron flows at a con- 
trolled, predetermined rate into the 
ladle holding the melted silicate. 
This operation is shown above. The 
falling iron stream penetrates into 


the silicate, then separates into drop- 
lets. Liberated gas from within bursts 
apart the solidifying droplets. The 
shattered fragments settle continu- 
ously to form a “spongy mass’”— 
welding hot—in the molten silicate. 

This ‘‘sponge,’’ weighing three 
tons or more, is pressed into a rec- 
tangular block called a ‘‘bloom.” 
Giant rolling mills give final form 
to the useful material— WROUGHT 
IRON. 

Because the thousands of fibers of 
silicate gathered in the mixing oper- 
ation and distributed through the 





























“Sponge ball” goes to the press 


body of high-purity iron are unaf- 
fected by corrosion, they establish a 
“defense in depth”’ against corrosive 
attack. This is why wrought iron 
stays on the job longer, at lower cost 
per year. 

Our booklet, The ABC’s of 
Wrought Iron, tells more of this 
story. Send for your copy. 

A. M. Byers Company, Pittsburgh, 
Pa. Established 1864. Boston, New 
York, Philadelphia, Washington, At- 
lanta, Chicago, St. Louis, Houston, San 
Francisco. International Division: New 
York, N. Y. Available in Canada and 
throughout the world. 


SEE OUR BOOTH #51 AT THE 1956 NACE CORROSION SHOW 


BYERS 


CORROSION COSTS YOU MORE THAN WROUGHT IRON 


WROUGHT IRON 


TUBULAR AND HOT ROLLED PRODUCTS 


ELECTRIC FURNACE QUALITY STEEL PRODUCTS 
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Laboratory, Practical Inhibitor Papers Planned 


Electrical Check on 
Corrosion; Brine 


Exposure Are Covered 


An unusual method of measuring cor- 
practical in some cases in indi- 
cating a rate while regular operation of 
equipment proceeds uninterrupted, is 
described in one of the three papers to 
be given during the Chemical Inhibitor 
Symposium beginning at 10:15 am 
March 13. The other papers relate to 
inhibition of metals in brine and evalu- 
ation of inhibitors in the laboratory. 

The symposium is concurrent with the 
Corrosion Principles Symposium. 

J. L. Wasco, Dow Chemical Co., 
Midland, Mich. and George E. Best, 
Mutual Chemical Division, Allied Chem- 
ical and Dye Corp., Baltimore are chair- 
men. 

Abstracts follow: 


rosion, 


Electrical Resistance Corrosion Meas- 
urements Employing Alternating Cur- 
rents by W. L. Denman, Dearborn 
Chemical Company. 

An electrical resistance method for 
measuring corrosion with alternating 
current based on the creation of a 
stable voltage drop across metal cor- 
rosion specimen when a stabilized al- 
ternating current flows through it has 
been developed. Subsequently the small 
voltage drop is amplified, rectified and 
measured. The method may be applied 
to tubular systems without interrupting 
oper rations by using a portion of the 
piping or a pipe nipple in a by-pass as 
the corroding specimen. 

Resistance of the specimen expressed 
as equivalent potentiometer millivolts 
drop through it at the start of a corro- 
sion test serves as the base value and 
any increase of the base represents cor- 
rosion. Plotted against time these in- 
creases give a corrosion curve. The 
fraction of the specimen corroded at any 
time is equal to the increase in poten- 
tiometer reading of the exposed length 
of the specimen divided by the sum of 
such increase and the initial exposed 
potentiometer reading. 

The corrosion resistance test cell con- 
sists of metal specimens such as strips 
of shim stock or wire imbedded in glass 
holders by means of room-temperature- 
setting epoxy resins. 

Variables such as temperature, con- 
ductance of the solution, stray currents, 
etc. influence results and must be con- 
sidered in using this method. 

@ 


Inhibiting Corrosion of Steel, Aluminum 
and Magnesium Intermittently Ex- 
posed to Brines by George E. Best 
and John W. McGrew, Mutual Chemi- 
cal Division, Allied Chemical and 
Dye Corp. 

Prevention of corrosion of metals un- 

der continuous exposure to sodium or 

calcium chloride refrigerating brine is 
one of the earliest commercial applica- 
tions of a chemical inhibitor, yet com- 
paratively little has been published 
about the effectiveness of inhibitors un- 
der conditions of discontinuous ex- 
posure. 

Using an experimental technique de- 
signed only to provide comparative 
data and indicate orders of magnitude 


Best Denman 


ABOUT the AUTHORS 


WAYNE L. DENMAN—Directing Chemist, Dearborn 
Chemical Company. He has a BS from Oregon 
State College (1925), in chemical engineering and a 
PhD in chemistry from State University of lowa 
(1929). He was research chemist, Dearborn Chem- 
ical Company 1929-41; chief chemist, Dearborn 
Chemical Company 1941 and was with es 
Chemical Warfare Service 1941-1945. He was chief 
chemist with Dearborn Chemical Company (1945- 
50). He is a registered professional engineer in 
Illinois and a member of ACS, ASME, ASTM. 


GEORGE E. BEST—Since 1948 he has been occupied 
with technical service and development work for 
Mutual Chemical Division, Allied Chemical and Dye 
Corp. After graduating from MIT in electrochemical 
engineering, he spent 10 years in process metallurg- 
ical research with New Jersey Zinc Co. at Palmerton, 
Pa. and three years with Pennsylvania Salt Manufac- 
turing Co. at Wyandotte, Mich. as production super- 
visor, He has been active in NACE affairs. As a 
section and region official and as a member of the 
NACE board of directors. He has authored and pub- 
lished several papers dealing with inhibition by 
chromates. 


GLENN A. MARSH received a BS in chemistry from 
Ilinois Institute of Technology in 1945 and a MS 
in chemistry from Northwestern University in 1946. 
He began his employment with Pure Oil Co. in 
1948. He is enagged in corrosion research. 


EDWARD SCHASCHL received a BS in chemical 
engineering from Illinois Institute of Technology 
in 1945 and joined Pure Oil Company in 1948 as 
a@ process engineer. He is presently doing research 
in metallurgy and corrosion. 











than precisely determined cor- 
rosion rates, the present work estab- 
lishes that chromate effectively mini- 
mizes brine corrosion of mild steel and 
selected aluminum and magnesium al- 
loys intermittently exposed to brines at 
ordinary temperatures. The importance 
of ratio between metal surface area and 
test solution volume is brought out, as 
is also the effect of pH through com- 
parison of chromate with bichromate. 
Roughly quantitative indications of in- 
hibitor consumption are reported. 
° 

Laboratory Method for Corrosion In- 

hibitor Evaluation by G. A. Marsh 

and E. Schaschl, The Pure Oil Com- 

pany, Crystal Lake, II. 
A screening method has been developed 
which permits rapid, convenient testing 
of inhibitors. Unlike weight-loss meth- 
ods, this new method is well adapted to 
follow non-linear corrosion-time curves, 
such as those commonly found when 
adsorption-type inhibitors are used. The 
method makes use of quart bottles con- 
taining the corrosive agents; the bottles 
are rotated end over end at about three 
RPM. This rotation brings about alter- 
nate immersion of test probes where 
the corrosive system consists of two or 
more phases. The test probes, built into 
rubber stoppers, are inserted into the 
bottles. These probes are used to fol- 
low the course of corrosion without re- 
(Continued on Page 90) 
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Marsh Schaschl 





CHEMICAL INHIBTORS 


Electrical Resistance Corrosion Measure- 
ments Employing Alternating Currents 
by W. L. Denman, Dearborn Chemical 
Co., Chicago, Ill. 

Inhibiting Corrosion of Steel, Aluminum 
and Magnesium Intermittently Ex- 
posed to Brines by G. E. Best and John 
W. McGrew, Mutual Chemical Divi- 
sion, Allied Chemical and Dye Corpo- 
ration, Baltimore, Maryland. 

Laboratory Evaluation of Corrosion In- 
hibitors by G. A. Marsh and Edward 
Schaschl, Pure Oil Company Research 

Laboratories, Crystal Lake, Ill. 
















Technical material published in Corro- 
sion is abstracted in the biennial Bibli- 
ographic Surveys of Corrosion published 
by NACE. 


BACK 


ISSUES 
of 
CORROSION 


Years 1945-52 
Inclusive 
Are Now Sold for 


per copy, postpaid 


Single copies or multiple copies of Cor- 
rosion published during the years 1945, 
46, 47, 48, 49, 50, 51, 52 now cost $2 
each. Prospective purchasers are advised 
to inquire about availability of copies 
because many issues are completely ex- 
hausted. Remittances must be in ad- 
vance for purchases aggregating less 
than $5. 


NATIONAL ASSOCIATION 
of 
CORROSION ENGINEERS 


A. B. Campbell, Executive Secretary 
1061 M & M Bldg. —_ Houston 2, Texas 
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“THE PROBLEM: 


To protect oil field boilers 
and stacks against rust. 
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THE SOLUTION: pumice RUST-BAN 231, 


with exceptional rust-resistant qualities even up to 750° F. 


Humble Rust-Bans are a complete line of protective coatings 
for every industrial use. Developed to meet the extreme 
corrosive conditions of the petroleum industry, the Rust-Ban 
line has been expanded for use wherever corrosion is a problem. 


Ask Humble’s Sales Technical Service staff to make 
recommendations which will be helpful to you. The right Rust-Ban 
may save you hundreds to thousands of dollars in corrosion 
damage. See the nearest Humble wholesale 
plant in Texas and New Mexico, or write 
or phone: Technical Service, Sales Department, 

Humble Oil & Refining Company, 
P. O. Box 2180, Houston 1, Texas. 





HUMBLE OIL & REFINING COMPANY 
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Naphthenic Acid, Inhibitors, Sulfides Are Topics 


Refinery Corrosion 
Problems Scanned 
In Six Papers 


Unusually wide scope of information 
is included in the six papers scheduled 
for the two-part Refinery Industry 
Symposium to be held beginning at 2 
pm Tuesday March 13 and at 2 pm 
Wednesday March 14. Data on correla- 
tion of high temperature sulfide corro- 
sion information, hydrogen blistering in 
a cracking unit and a refinery paint 
program, among others, will be given. 

R. J. Hafsten, Standard Oil Co. (In- 
diana), Whiting and J. F, Mason, Jr., 
International Nickel Co., Inc., New 
York are chairmen. 

The symposium is concurrent: Part 1 
with the High Purity Water and Oil 
and Gas Production Symposia; Part 2 
with Power and Communications and 
Pipe Line Group Discussions. 

Available abstracts of papers follow: 


Naphthenic Acid Corrosion—An Old 
Enemy of the Petroleum Industry by 
W. A. Derungs, N. V. de Bataafsche 
Petroleum Maatsschappij, The Hague, 
Netherlands. 

Naphthenic Acids is a collective name 

for organic acids present in various 

crudes. The constitution of the naph- 
thenic acids is discussed. 

Naphthenic acid corrosion of mild 
steel becomes apparent at operating 
temperatures upwards 220 C with a max- 
imum at around 280 C. After surpassing 
a temperature of say 320 C, the corro- 
sion rate decreases gradually. Fluid ve- 
locity is of preponderant influence on 
the rate of naphthenic acid corrosion. 

Unfortunately, the critical velocity 
values below which the corrosion rates 
become negligible are not yet known. 

Methods to counteract naphthenic 
acid corrosion are discussed, 

2 

Electrical Resistivity Technique for 
Evaluation of Corrosion Inhibitors by 
W. L. Terrell and W. L. Lewis, Esso 
Standard Oil Company, Baton Rouge. 

The electrical resistance technique de- 
scribed in this paper has been developed 
for determining the relative corrosive 
properties of various hydrocarbon 
streams. It has also been used very 
successfully for the screening and evalu- 
ation of corrosion inhibitors in these 
same streams. 

This technique is a combination and 
modification of two known methods of 
corrosion testing. First, the method of 
measurement is a modification of the 
method described by Andrew Dravnieks 
and Horace A. Cataldi, Corrosion, Vol. 
10, No. 7, p. 224 (1954). Second, the 
test solution, temperature, and agitation 
is an altered method of ASTM D-665- 
46T “Method of Test for Rust-Prevent- 
ing Characteristics of Steam-Turbine 
Oil in the Presence of Water.” The 
amount of corrosion is evaluated by 
measuring the change in electrical re- 
sistance of a carbon steel specimen 
(.001-inch shim stock) during exposure 
to the corrosive medium. Corrosion 
losses can be detected to a fraction of 
a microinch at any time during a test 
using the apparatus described here with- 
out interrupting the test or use of any 


Backensto 


Schillmoller 


ABOUT the AUTHORS 


BERNARD E. NEUMAIER—He is chief process eng!- 
neer of Richfield Oil Corp. His responsibilities in the 
process engineering department include directing and 
supervising engineers working on general petroleum 
processing problems and equipment design. He holds 
a BS in chemical engineering from Pennsylvania 
State University (1929). He joined Sinclair Refining 
Company’s research and development department in 
East Chicago in 1929, obtaining a thorough back- 
ground in thermal and catalytic cracking processes. 
In 1935 he was promoted assistant division head of 
the cracking division. He joined Richfield in June 
1945 at its Wilmington, Cal. refinery. He is a mem- 
ber of AIChE and of the California Natural Gasoline 
Association, 

CHARLES M, SCHILLMOLLER—He is corrosion engi- 
neer of Richfield Oil Corp. He joined the company 
in August, 1952 as a process engineer in the Wil- 
mington, Cal., refinery and has specialized in corro- 
sion control for the past two years. His early educa- 
tion was in Holland and the Netherland East Indies 
and he graduated in 1952 from University of Sydney, 
Australia with a BE in chemical engineering. He 
was a pilot in the Netherlands Air Force from 1941 
to 1947. He is a member of API and NACE. 


RAYMOND J. HAFSTEN—Presently Assistant Chief 
Engineer in the Whiting Refinery Engineering Divi- 
sion, Standard Oil Company (Indiana). 


special measuring devices or technique. 
Measurable and reproducible corrosion 
losses are obtained in a test of six hours’ 
duration. A correlation of the data ob- 
tained with the resistivity test with 
those obtained from retractable coupons 
and measured metal losses will be pre- 
sented. 
e 
A Refinery Paint Program to Cut 
Maintenance Costs by R. J. Hafsten, 
H. A. Homan and K. R. Walston, 
Standard Oil Co. (Indiana) Whiting, 
Ind. 
This paper illustrates the result of an 
organized effort in a major refinery to 
reduce maintenance painting costs. Sur- 
face preparation is emphasized and the 
importance of adequate mil thickness is 
illustrated. Paint quality is assured by 
means of test panels and field tests in 
the refinery and test panels exposed in 
the high ultraviolet sunlight at Coral 
Gables, Florida. Control is exercised 
(Continued on Page 106) 
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E. B. BACKENSTO—He is senior engineer with 
Socony Mobil Oil Company in its Paulsboro, N. J, 
Research and Development Laboratories. He joined 
Socony after receiving a BS in chemical engineering 
from Lehigh University in 1943. He had diversified 
experience in petroleum research before his current 
assignment in corrosion. He is a member of AIChE 
ACS and NACE. ; 


R. D. DREW—Research associate with Socony Mobil 
Oil Company, in its Paulsboro, N. J. laboratories, he 
has been with the company since his graduation from 
Yale University in 1939 with a BS in chemical engi- 
neering. His work has been mainly in the develop- 
ment of continuous catalytic cracking and reforming 
processes. He is a member of AIChE, ACS, Sigma Xi. 


R. W. MANUEL—Corrosion engineer, Refinery Engi- 
neering Division, Socony Mobil Oil Co., New York, 
he received a BS in chemical engineering from Uni- 
versity of Kansas in 1936. He formerly was with 
Crane Company Research Laboratories, Chica 0; 
Goodyear Research Laboratories, Akron; Phillips 
Petroleum Company, Bartlesville, Okla. and Lago Oil 
= Transportation Co., Aruba, Netherland West 
ndies. 


J. W. SJOBERG—He received a BS from Missouri 
Schoo! of Mines and Metallurgy in 1944, and after 
two years in the Navy, he received an MS in chemical 
engineering from the same school. He started with 
Socony Mobil at its Augusta, Kansas refinery, trans- 
ferred to the laboratories in 1954 and is now chem- 
ical engineer in corrosion research at Socony Mobil 
Oil Company’s Paulsboro, N. J. research and devel- 
——_—e He is a member of ACS and 
igma Xi. 


REFINERY INDUSTRY 


Part 1 

Naphthenic Acid Corrosion — An Old 
Enemy of the Petroleum Industry by 
Wm. A. Derungs, N. V. de Bataafsche 
Petroleum Maatschappij, The Hague, 
Netherlands. 

Electrical Resistivity Technique for Eval- 
uation of Corrosion Inhibitors by W. L. 
Terrell and W. L. Lewis, Esso Standard 
Oil Co., Baton Rouge, La. 

A Refinery Paint Program to Cut Mainte- 
nance Costs by R. J. Hafsten, H. A. 
Homan and K. R. Walston, Standard 
Oil Co. (Indiana), Whiting, Ind. 


Part 2 

How Richfield Tackled Hydrogen Blister- 
ing in Its New Fluid Catalytic Cracking 
Unit by B. W. Neumaier and C. M. 
Schillmoller, Richfield Oil Corp., Wil- 
mington, California. 

High Temperature Hydrogen Sulfied Cor- 
rosion in Thermofor Catalytic Reform- 
ers by E. B. Backensto, R. D. Drew and 
J. W. Sjoberg, Socony-Mobil Labora- 
tories, Paulsboro, N. J. and R. W. 
Manuel, Socony Mobil Oil Co., Inc., 
New York, N. Y. 

Collection and Correlation of High Tem- 
perature Sulfide Corrosion Data by G. 
Sorrell and W. B. Hoyt, M. W. Kellogg 
Company, New York, N. Y. 

High Temperature Hydrogen Sulfide Cor- 
rosion in the Presence of Hydrogen by 
C. H. Samans, Standard Oil Co. (Indi- 
ana), Whiting, Ind. 
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Come in and see what 
SOLVAY SODIUM NITRITE 
can do! 


The new edition of this book may prove extremely Available without cost. Simply fill in and mail the coupon. 
helpful to anyone interested in the prevention of rust poccrcsssssssss 
and corrosion. 


SOLVAY PROCESS DIVISION 


Wie) 
oat ALLIED CHEMICAL & DYE CORPORATION 
61 Broadway, New York 6, N. Y. 


This new book describes how Sotvay Sodium Nitrite 
is being used, alone and in combination with other 
materials, for the cleaning, neutralizing and protection 
of metal in such diverse applications as: cargo holds of 
ocean-going tankers in light petroleum service; steel 
scouring pads; machined parts in process; steel forms 
such as sheets, pipes and wire; metal tanks and con- 





Gentlemen: Please send me without cost or obligation* 

(0 Your new book ‘SODIUM NITRITE for Rust and 
Corrosion Prevention”’ 

(] Sample of Sotvay Sodium Nitrite 








tainers; and circulating water systems. Name _ a oo hae 
AMERICA'S FIRST Company - se 
PRODUCER 
Title 2 ; Ss 
Soda Ash * Snowflake® Crystals * Chlorine 
Potassium Carbonate * Calcium Chloride Address 
Sodium Bicarbonate * Ammonium Chloride ome 
Ammonium Bicarbonate « Caustic Potash * Chloroform City ———_———_ Tenn ate —$__—. y 


Sodium Nitrite © Caustic Soda * Methyl Chloride 
Cleaning Compounds Methylene Chloride ¢ Monochlorobenzene 
Para-dichlorobenzene * Ortho-dichlorobenzene * Hydrogen Peroxide 


*In Western Hemisphere Countries. 
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Cathodic Protection of Well Casings Beneficial 


Offshore Platforms 
Also Scheduled 


As Topic of Paper 


The four papers in the Oil and Gas 
Production Symposium to be given be- 
ginning at 2 pm March 13 cover cathodic 
protection and other means of protect- 
ing oil well casings, protection of off- 
shore drilling platforms and a method 
of coating crude oil tank bottoms. 

W. F. Oxford, Jr., Sun Oil Co., Beau- 
mont and J. L. Battle, Humble Oil and 
Ref. Co., Houston are chairmen. 

The symposium is concurrent with 
the High Purity Water and Refinery 
Industry symposia. 

Available abstracts follow: 


Casing Corrosion—Hugoton Gas Field 
by W. C. Koger, Cities Service Oil 
Co., Bartlesville, Okla. 

\ casing leak survey in the Hugoton 
gas field was made by the local chapter 
of the AIME to obtain information with 
which the casing corrosion problem 
could be evaluated and the most severely 
affected areas located. It was deter- 
mined that leak frequency was relatively 
low but that leaks usually resulted in 
decreased deliverability or loss of the 
well, Because the pool is expected to 
be productive for another 30 years, the 
seriousness of the problem was not 
reflected entirely by current leak fre- 
quency. 

Work to date indicates current ap- 
plication based on indications derived 
from surface potential measurements is 
sufficient to protect the wells and that 
the required current is obtainable from 
galvanic anodes. This latter fact is im- 
portant because each well is located in 
the center of a section. 

Interference from rectifier installations 
has been found in the field, presenting 
a new problem in efforts to protect cas- 
ing cathodically from corrosion, 






Doremus 





Cathodic Protection of Oil Well Cas- 
ings at Kettleman Hills, California 
by J. K. Ballou, Standard Oil Co, of 
California, San Francisco and F. W. 
Schremp, California Research Corp. 

This paper presents information ob- 
tained from cathodic protection tests 
made on three oil well casings of the 
Kettleman North Dome Unit at Kettle- 
man Hills, California, during the period 
February 28 through September 1, 1955. 
The tests showed that cathodic protec- 
tion is a practical method of controlling 
external casing corrosion at least to 
depths of 8000 feet provided sufficient 
current is used. Current densities on the 
order of 1.0 to 1.5 ma per sq ft are be- 
lieved necessary to provide essentially 
complete protection to wells in the area. 
Both surface potential and casing po- 
tential profile measurements were made 
during the tests. Inexpensive surface 
measurements of casing potentials re- 
ferred to a remote reference electrode 
can be used to indicate with reasonable 
accuracy the degree of protection ob- 
tained with cathodic protection. Cas- 
ing potential profile measurements 
failed to indicate either the degree of 
protection or when complete protec- 
tion was achieved. 


Hot sprayed mastic coatings are denser, more durable 





Pinholing of protective 
coatings results from the 
delayed evaporation of 
trapped solvents. By sub- 
stituting heat for thinner, 
hot spray produces a 
denser, less porous film that 
won’t pull at the edges, 
flows out smoothly. Re- 
sults: greater protection at 
lower cost. Spee-Flo Pow- 
ermastic Heaters permit 
year-round application of 
heavy mastic coatings. For 
literature or on-the-job 
demonstration, write: Spee- 
Flo Company, Dept. C-14, 
720 Polk, Houston, Texas. 
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OIL, GAS PRODUCTION 


Casing Corrosion—Hugoton Gas Field by 
W. C. Koger, Cities Service Oil Co., 
Bartlesville, Okiahoma. 

Cathodic Protection of Mobile Off Shore 
Drilling Platforms by E. P. Doremus, 
Cathodic Protection Service, Houston, 
Texas. 

Cathodic Protection Tests Made on Oil 
Well Casings at Kettleman Hills, Cali- 
fornia by J. K. Ballou, Standard Oil 
Co. of California, San Francisco, Cali- 
fornia and F. W. Schremp, California 
Research Corp., La Habra, Cal. 

Coatings for Crude Oil Tank Bottoms by 
R. M. Carter, Service Pipe Line Co., 
Tulsa, Okla. 


ABOUT the AUTHORS 





JAMES K. BALLOU—Corrosion Engineer with Engi- 
neering Department, Standard Oil Company of 
California, San Francisco, California. He received 
a BS in electrical engineering from the University 
of California in 1948, after which he joined Stand- 
ard Oil of California. He has been active in de- 
sign and testing of cathodic protection systems for 
pipelines and other structures since 1950. 


W. C. KOGER—He is co-chairman of NACE T-1H on 
Oil String Casing Corrosion and T-1D on Sour Oil 
Well Corrosion, A 1944 graduate of University of 
Arkansas with a BS in chemical engineering, he 
joined Cities Service Oil Company on graduation and 
was assigned to refinery research. In 1946 he was 
transferred to the company’s oil production division 
as corrosion engineer in the West Kansas Division. 
He currently is head of the Corrosion and Oil Treat- 
ing Section, Oil Production Division, Bartlesville, 
Okla. 


FRED W. SCHREMP—Group Leader, Oil Field Cor- 
rosion Research, California Research Corporation, 
La Habra, California. He received his PhD in 
chemistry from the University of Wisconsin in 1950. 
Prior to joining the California Research Corporation 
in 1950, he worked for the American Steel an 
Wire Company and the Manhattan Project. His 
interests include metallurgical and electrochemical 
corrosion problems. He is Chairman (1955) of NACE 
Unit Committee T-1A on Corrosion of Oil and Gas 
Equipment, Los Angeles Area. 


NACE Has No Copies 
Of Conference Papers 


No copies of papers presented at the 12th 
Annual Conference are available from NACE. 
Authors of papers sometimes prepare preprint 
versions of their papers in which cases copies 
may be secured from them. Persons intereste 
in technical material presented are urged to 
consult CORROSION in which all papers 9p- 
proved by the NACE Editorial Review Subcom- 
mittee and the editor of CORROSION are pub- 
lished as they are approved. Non-members of 
NACE may subscribe to CORROSION at rates 
indicated on the Contents Page of this issue. 
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LOOKING FORWARD to SEEING YOU 


_.. AT THE 56 CORROSION SHOW in NEW YORK: ! 
! cathodic Protection oe | 


corpus Christi TusA HOUSTON NEW ORLEANS DENVER 

















Picture taken in our Booth at the ‘55 Chicago Corrosion Show. Reading, left to right: Walter Mach, 
Jay James, Jim Condry, Alvan Richey, Ed Doremus, Gordon Doremus, Jack Davis, Floyd Thorn 
and Franklin Clark. 


aor us anricieare | VISIT US IN BOOTH No. 71 


SEEING YOU, AND 


SHOWING YOU THESE Also, Have a Demi-tasse 
FIRST LINE MATERIALS: of French Coffee 
* DOW MAGNESIUM ANODES : ; 
+ DURIRON ANODES with Us in Our 
+ AMERICAN ZINC ANODES Statler Hotel Suite! 





* CPS GRAPHITE ANODES 
* GOOD-ALL RECTIFIERS 


OFFICES LOCATED 
IN HOUSTON 


* SCOTCHRAP TAPE COATINGS cethediv 
* ROME DIRECT-BURIAL CABLE (4601 Stanford Street) 


P. O. Box 6387 





Houston 6, Texas 
JAckson 2-5171 


* MALONEY INSULATING MATERIALS 
* BETZEL TAPESTERS 


* ERICO CADWELD WELDING 
MATERIALS 


we TULSA 
r # re: 310 Thompson Building 
Tulsa 3, Okla. 
CHerry 2- 9857 


NEW ORLEANS 
1627 Felicity 


* INSTRUMENTS e CAnal 7316 
* DITCH-WITCH TRENCHERS service eae tei 
CORPUS CHRISTI 
1522 So. Staples 








TUlip 3-7264 
Everything in the cathodic protection field . . . DENVER 
from an insulating washer to a turnkey contract (Golden) P. O, Box 291 
installation. CRestview 9-2215 
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Five Papers Listed on High Purity Water Agend; 


Effects on Ferrous, 
Non-Ferrous Metals 


Will Be Outlined 


A wide variety of information on com- 
plex new problems encountered in han- 
dling high purity water, especially at 
elevated temperatures will be presented 
during the High Purity Water Sym- 
posium beginning at 1:45 pm Tuesday 
March 13. This symposium will include 
five papers covering iron corrosion, 
stainless steels, and aluminum alloys, 
among other things. 

A. H. Roebuck, Continental Oil Co., 
Ponca City, Okla. and R. U. Blaser, 
The Babcock and Wilcox Company, 
Alliance, Ohio are chairmen. 

The symposium is concurrent with the 
Refinery Industry and Oil and Gas 
Production symposia, both of which be- 
gin at 2 pm, 

Papers to be given are: 

Corrosion Studies in High Temperature 
Water by a Hydrogen Effusion 
Method by M. C. Bloom, M. Krul- 
feld, W. A. Fraser and P. N. Viannes, 
Naval Research Laboratory. 

Corrosion rate data for low carbon and 

stainless steel in high temperature water 

will be presented showing the effects of 
various pretreatments of the metal and 
various additions to the water. 

© 


Corrosion of Iron in High Temperature 
Water by David L. Douglas, F. J. 
Shipko and F. C. Zyzes, Knolis 
Atomic Power Laboratory, Schenec- 
tady, New York. 

In order to better understand the cor- 

rosion of ferrous alloy systems, a study 

of the kinetics and mechanism of the 
reaction of pure iron with high temper- 
ature water has been undertaken in this 
laboratory. A method has been devel- 
oped for measuring the amount of hy- 
drogen evolved when iron coupons are 
exposed to high temperature water in 
auto-claves. Using this, some basic cor- 
rosion rate data have been accumulated. 

Kirkendall-type experiments, using 
Ni®*O as a boundary marker, have es- 
tablished that, in the temperature range 
240 - 360 C, the reaction proceeds by 
diffusion of iron ions through the mag- 
netite film, 

In addition, an investigation of Schi- 
korr’s reaction, 

3 Fe(OH).> Fes( ds + H: 2H:O, 
has been carried out. The results indi- 
cate that this may be rate controlling at 
sufficiently low temperatures, i.e., cor- 
rosion will not take place at tempera- 
tures below that above which this re- 
action proceeds at a noticeable rate. 

* 

Corrosion of Stainless Steels in Super- 
critical Water by H. A. Pray and W. 
K. Boyd, Battelle Memorial Institute, 
Columbus, Ohio. 

The corrosion behavior of ten stainless 

steels (representing hardenable and 

nonhardenable grades) has been deter- 
mined by static tests in degassed super- 
critical water at 800, 1000 and 1350 F at 

a pressure of 5000 psi. The materials 

were evaluated on the basis of weight 

gain and metallographic examination of 
samples after exposure to the selected 
test conditions. 
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ABOUT the AUTHORS 


DAVID L. DOUGLAS—Currently working on electro- 
chemistry since his 1955 transfer to General Elec- 
tric’s research laboratory, he formerly was on the 
staff of Knolls Atomic Power Laboratory, operated 
for AEC by General Electric. He received a PhD in 
chemistry from California Institute of Technology in 
1950 and spent a year in postdoctorial work in radio- 
carbon dating at California Institute of Technology. 
He is now research associate, Physical Chemistry 
Section at the General Electric Schenectady, N. Y. 
research laboratory. 


JOSEPH E. DRALEY—Active in corrosion research 
since 1942, when he joined the Metallurgical Labora- 
tory, University of Chicago, he has been in the 
atomic energy field almost continuously since with 
Kellex Corp., Oak Ridge National Laboratory and 
Argonne National Laboratory. His work has been 
largely with corrosion mechanisms of aluminum, 
uranium and zirconium and their alloys in pure 
water and dilute solutions. He has written numerous 
“‘projects’’ publications and has been an active 
speaker on corrosion subjects for NACE, The Elec- 
trochemical Society and others. He currently is vice- 
chairman of the Electrochemical Society's Corrosion 
Division. 

W. W. BINGER—Assistant Chief of the Chemical 
Metallurgy Division, Aluminum Research Laborato- 
ries, Aluminum Company of America, he joined 
Alcoa in 1943 and took his present position in 1953. 
He has been concerned chiefly with the development 
of applications of aluminum alloys in the chemical 
industry. He has a BS in chemical engineering, Uni- 
versity of Wisconsin (1943). He has published many 
papers dealing with the corrosion of aluminum. 


The Armco 17-4PH, Armco 17-7PH 
and Hastelloy F alloys were the most 
resistant materials at both 1350 F and 
1000 F. Inconel X, Type 302 stainless 
and Allegheny A-286 were severely at- 
tacked at both 1350 F and 1000 F, where- 
as the Hastelloy X and Type 410 stain- 
less show heavy attack at 1350 F only. 
Type 347 stainless steel, although ex- 
hibiting only moderate weight gains, 
was severely pitted after exposure at 
1350 F. Some pitting was also observed 
on the sample of Type 309 stainless. 

In supercritical water plus hydrogen 
at 1000 F, the Allegheny -286 alloy 
was the only material showing a sig- 
nificant reduction in corrosion resulting 
from the presence of hydrogen. The 
reason for this is not known, 

All alloys tested had excellent resist- 
ance to 800 F degassed supercritical 
water after an 84-day exposure, 

In general, the corrosion in degassed 
supercritical water at 1350 F was inter- 
granular in nature, whereas, at 1000 F, 
only the Inconel X material was selec- 
tively penetrated along grain boundaries. 
All alloys suffered some decarburiza- 
tion and carbide precipitation after ex- 
posure at 1350 F. No decarburization or 
significant phase changes were ob- 
served for samples exposed at 1000 F. 

° 
Corrosion Resistant Aluminum Alloys 


CORROSION 


Douglas 


ENGINEERS Vol. p : 


Draley 


HIGH PURITY WATER 


Corrosion Studies in High Temperature 
Water by a Hydrogen Effusion Method 
by M. C. Bloom, M. Krulfeld, W. A. 
Fraser and P. N. Viannes, Naval Re- 
search Laboratory, Washington, D.C. 

The Corrosion of Iron in High Tempero- 
ture Water by D. L. Douglas, General 
Electric Research Laboratory, Schenec- 
tady, N. Y. and F. C. Zyzes, Knolls 
Atomic Power Laboratory, Schenec- 
tady, N. Y. 

Corrosion of Stainless Steels in Super- 
critical Water by H. A. Pray and W.K. 
Boyd, Battelle Memorial Institute, Co- 
lumbus, Ohio. 

Corrosion Resistant Aluminum Alloys for 
Use in Water at Elevated Tempera- 
tures by J. E. Draley and W. E. Ruther, 
Argonne National Laboratory, Lemont, 
Ilinois. 

Aluminum Alloys for Handling High Pu- 
rity Water by W. W. Binger and C.M. 
Marstiller, Aluminum Company of 
America, New Kensington, Pennsylva- 
nia, 





for Use in Water at Elevated Tem. 
peratures by J. E. Draley and W. 5 
Ruther, Argonne National Laborator 
Lemont, III. ; 
Commercial aluminum alloys sufle 
rapid disintegration in water at tem 
peratures significantly above 200 C. Th 
phenomenon can be prevented by anodii 
protection. One practical method «i 
achieving this is by alloying the alum: 
num with nickel. Such alloys suite 
only “normal” attack, showing onl 
moderate corrosion rates. Corrosi0! 
properties and rates are given for thes 
alloys and the effects of other alloyin: 
constituents are described. 


e 
Aluminum Alloys for Handling High 


Purity Water by W. W. Binger am 

C. M. Marstiller, Aluminum Reseatt! 

Laboratories, New Kensington, Pa. 
Aluminum alloys have been used fo! 
storage and distribution systems hat: 
dling distilled water for over twenty 
years. Recently, it became possible ! 
investigate experience with some 
distilled water systems which had bee! 


in use for various periods of time up © 


24 years. Many of these systems ha‘ 
been made entirely of aluminum, sever 


were entirely of tinned copper or bras 


and others were a combination of m* 
terials including aluminum. 
Results indicate that aluminum allo} 


storage tanks, tubing, fittings and valves 


are highly satisfactory for handling dis 
(Continued on Page 90) 
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The separating force produced by this Merco cen- 
trifuge is made practical by the strength of its 
high speed rotor bowl, machined from cast stain- 
less steel with a high nickel content, produced 
by Electric Steel Foundry Company, Portland, 
Oregon. Weight of the all-stainless steel rotor 


assembly on the unit shown above totals 
1600 lbs. This centrifuge has a large continuous 
through-put capacity. In many plants, Merco 
units run continuously for 24 hours, virtually 
unattended. Manufactured by Merco Cen- 
trifugal Company, San Francisco, California. 


Up to 9000G’s developed... 


thanks to strength of rotor cast in stainless 


.. « that licks corrosion and erosion 


Merco Centrifugal Co. tested scores 
of materials for their centrifuge ro- 
tors. And found what they needed 
in cast chromium-nickel molybdenum 
Stainless steel (ACI Type CF-8M.) 
These castings safely answer the 
high strength demands, and in addi- 
tion, provide resistance to both cor- 
rosion and erosion. 

Read what a typical customer re- 
ported about the performance of a 
Merco rotor machined from this cast 
Stainless steel containing 10 to 12% 


1G, 


TRADE maga 


nickel: 
“.. shows no signs of corrosion 
after 12 years’ service in slurries 
of warm weak sulfurous and lactic 
acids, SO. vapors, alternate wet- 
ting and drying, with liquid and 
solids passing over the metal sur- 
faces at very high speeds.” 
Despite corrosives and suspended 
solids, this rotor has operated for 
more than a decade with no apparent 
damage from erosive action. Many 
similar records confirm that Merco 


THE INTERNATIONAL NICKEL COMPANY, INC. 


engineers made a wise choice, years 
ago, when they selected Type CF-8M 
stainless castings for rotors. 

Alloys containing nickel may help 
you strengthen equipment, combat 
corrosion and erosion, or meet other 
specific needs. When you face a metal 
difficulty, send us details. We’ll sub- 
mit suggestions based on wide prac- 
tical experience. Write for List A of 
available publications. It includes a 
simple form that makes it easy for 
you to outline your problem. 


67 Wall Street 
New York 5. N. Y. 
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Statistical Methods for Chemical Industry Scanned 


Three Papers for 
Chemical Industry 
Involve Calculations 


Three of the eight papers scheduled 
for presentation during the two-part 
Chemical Industry Symposium pertain 
to statistical methods. Part 1 of the 
symposium will begin at 9 am Wednes- 
day, March 14 and Part 2 at 2 pm the 
same day. Other topics include liquid 
fertilizer corrosion, effects of metal ca- 
tions, stress corrosion cracking of Monel 
and a study of heat flux effect. 

J. J. Heger, United States Steel 
Corp., Pittsburgh and B, J. Philibert, 
Olin-Mathieson Chemical Corp., Balti- 
more are chairmen. 

The symposium is concurrent with: 
Part 1, Steel Metallurgy and General 
Pipe Line; Part 2, Power and Com- 
munications and Pipe Line Group Dis- 
cussions. 

Available abstracts follow: 

Effects of Metal Cations on the Cor- 
rosion of Iron in Acids by Harry C. 
Gatos, Lincoln Laboratory, Massa- 
chusetts Institute of Technology, Lex- 
ington, Mass. 

The corrosion of iron was studied in 

IN H:2SO,, 1N HCl, and IN HOAc con- 

taining oxidizing, reducing, or stable 

metal cations, Oxidizing cations (Fe***, 

Ce****, Cu*t and Cr.O,°") increased the 

corrosion rate of iron in these acids. The 

increased rate was found to be a linear 
function of the cation concentration for 
the concentration range studied (up to 

0.1 g. ions/l). For the same oxidation- 

equivalent concentration the corrosion 

rate was proportional to the valence 
change which the metal cations under- 
went during the corrosion process. Re- 
ducing cations (As*** and Sn**) de- 
creased considerably the corrosion of 


(Continued on Page 87) 
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ABOUT the AUTHORS 


HARRY C. GATOS—Until recently with the Engineer- 
ing Research Laboratory, Engineering Department, 
E. |. du Pont de Nemours and Co., Inc., he is now 
with the Lincoln Laboratory, Massachusetts Institute 
of Technology, Lexington, Mass. After doing his un- 
dergraduate work in chemistry at the University of 
Athens, Greece, he received an MA in chemistry 
from Indiana University and a PhD in inorganic 
chemistry from MIT. Prior to joining du Pont, Dr. 
Gatos served for a year as research associate in the 
department of metallurgy at MIT. His main research 
interests are in the fields of electrochemistry, metal- 
lic corrosion and chemistry of metal surfaces. 


H. W. SHOCKLEY—Currently chairman of the Sub- 


committee on Surface Preparation and Paint Appli- 
cation of the E. |. du Pont de Nemours & Co., Ine. 


_ TEXSTEAM 
CORPORATION 


DIVISION OF VAPOR HEATING CORP. 
326 Hughes St., Houston 11, Texas 


Cogshall Fisher 


Whitney Williams 


Protective Coatings Committee, for the past 20 years 
he has been maintenance consulting engineer to all 
duPont plants, In this latter capacity he assists plants 
in establishing maintenance programs and in meas- 
uring performance. A graduate of Lehigh University 
with a BS in mechanical engineering (1918) he has 
been mechanical supervisor in the shipbuilding in- 
dustry, plant engineer for the Virginia Albarene 
Corp. and has held numerous supervisory positions 
at duPont in the maintenance field. 


(Continued on Page 87) 


CHEMICAL INDUSTRY 


Part 1 


Corrosion of Metals by Liquid Fertilizer 
Solutions by D. C. Vreeland and S. H. 
Kalin, Applied Research Laboratory, 
United States Steel Corp., Monroeville, 
Pennsylvania. 

Effects of Metal Cations on the Corrosion 
of Iron in Acids by H. C. Gatos, Mas- 
sachusetts Institute of Technology, 
Lexington, Mass. 

Stress Corrosion Cracking of Monel in 
Hydrofluoric Acid by H. R. Copson and 
C. F. Cheng, International Nickel Co., 
Inc., Bayonne, N. J. 

Studies on Effect of Heat Flux on Corro- 
sion by F. L. Whitney, Jr. and A. O. 
Fisher, Monanto Chemical Company, 
St. Louis, Mo. 

Part 2 

Reducing Maintenance Painting Costs in 
the Chemical Industry by M. L. Mo- 
nack, H. W. Shockley and J. R. Allen, 
E. |. DuPont de Nemours and Co., Inc., 
Wilmington, Del. 

Estimating for Maintenance Painting by 
R. F. Williams and J. H. Cogshall, 
Pennsylvania Salt Mfg. Company, Phil- 
adelphia, Pennsylvania. 

Comparison of Alternatives by Captial- 
ized Cost by F. C. Jelen, Solvay Process 
Div., Allied Chemical and Dye Corp., 
Syracuse, N. Y. 

Application of Statistical Theory of Ex- 
treme Values to the Analysis of Corro- 
sion Pit Depth Data by P. M. Aziz, 
Aluminium Laboratories, Ltd., Kings- 
ton, Ont. 
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(Continued From Page 86) 

LEN—As a member of the staff at the Engi- 
12 Research Laboratory, E. duPont de 
Nemours & Co., Inc., he has been occupied in re- 
search and development of non-metallic materials 
of construction for chemical plants and equipment. 
A graduate of Georgia Institute of Technology in 
1943 with a BS in ceramic engineering, he served 
three years in the army before joining duPont. 


F. L. WHITNEY, JR.—Mr. Whitney, 1955-56 presi- 
dent of NACE, has been active in sectional, regional 
and national affairs of the association for many 
years. He is corrosion consultant for the Engineering 
Department, Research and _ Engineering Division, 
Monsanto Chemical Co., St. Louis. His activities in- 
clude not only corrosion engineering but he has been 
active in developing and participating in corrosion 
education activities. He obtained a BS in chemistry 
from Norwich University in 1930. Prior to his em- 
ployment with Monsanto he was with E, |. duPont 
de Nemours & Co., Inc. in various capacities. 


A. ORMAN FISHER—Corrosion engineer for the 
Merrimac Division, Monsanto Chemical Co., since 
April 1954 he has been occupied with company- 
wide corrosion problems in Monsanto’s St. Louis 
office. He hoids a BS in chemical engineering from 
Northeastern University, Boston, Mass. and is active 
in NACE affairs. 


P, M, AZIZ—He is concerned principally with basic 
research on the corrosion mechanisms of aluminum 
on which he has published six papers. He holds a 
BASc in chemical engineering and MA and PhD 
degrees in physical chemistry from the University of 
Toronto where he studied surface tension in aqueous 
sulfuric acid solutions and transference phenomena 
in molten salts. He has been on the staff of Alumin- 
ium Laboratories, Ltd., Kingston, Ont. since 1949. 
He spent a year at University of Chicago developing 
a radiotracer technique for identifying cathodic sites 
on aluminum surfaces. He was the recipient of the 
1945 NACE Junior Award for the best corrosion 
paper published in CORROSION by an author under 
35 years of age. 


Statistical Methods— 


(Continued From Page 86) 
cations 
showed 


stable 


Ni‘*) 


whereas 
Cr and 


iron in acids, 
(Fe**, Mn**, 
no effect. 

The action of the various cations at 
the local cells was explained on the basis 
of corrosion data and electrode potential 
measurements. 

e 
Stress Corrosion Cracking of Monel in 

Hydrofluoric Acid by H. R. Copson 

and C, F, Cheng, International Nickel 

Co., Bayonne, N. J. 

It has been known for some time that 
Monel is susceptible to intergranular 
Stress corrosion cracking in fluosilicic 
acid. It was surprising, however, to find 
“K” Monel bolts breaking in transgran- 
ular fashion in hydrofluoric acid vapor. 
lhe diagnosis that these failures were 
stress corrosion cracking was confirmed 
by reproduction of the cracking in the 
laboratory. Several similar case histories 
are reviewed and a number of qualita- 
tive laboratory experiments on the 
Stress corrosion cracking of Monel and 
some other high nickel alloys in hydro- 
fuoric acid environments are described. 
The number and path of the cracks is 
influenced by composition, cold work, 
heat treatment, stress, time and condi- 
tions of exposure. Cracking is most 
prone to occur where corrosion rates are 
high, such as in moist, aerated vapor. 
his suggests that hydrogen may play 
4 part in the cracking. Means of avoid- 
mg the cracking are discussed. 

a 

Some Studies on Effect of Heat Flux on 

Corrosion by F. L. Whitney, Jr. and 

A, O. Fisher, Monsanto Chemical Co., 

St. Louis. 

Laboratory techniques for testing the 
ettect of heat flux and skin temperatures 
“pon corrosion rates of 316 stainless 
steel, steel, Nionel and cast iron in vari- 
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ous environments are described. Ad- 
vantages and disadvantages along with 
supporting evidence are given for three 
practical approaches to this fundamental 
study in the laboratory. 

Based on the data thus far obtained, 
skin temperature rather than heat flux 
has been found to be the controlling 
factor in the corrosive environments in- 
vestigated. Heat removed from the cor- 
roding surface through agitation and/or 
other methods appears to be the most 
practical means of increasing heat flux 
input without excessively increasing cor- 
rosion rate. 

Preliminary results indicate the su- 
periority of these techniques over the 
customary immersion tests for obtain- 
ing corrosion data involving heat trans- 
fer conditions. Continued research on 
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these methods should lead eventually to 
development of limiting skin tempera- 
tures for various metals in specific en- 
vironments. Practical application of the 
data should form a sound basis for pre- 
dicting plant corrosion rates in heat 
transfer equipment. 
e 
Reducing Maintenance Painting Costs 
in the Chemical Industry by M. L. 
Monack, H. W. Shockley and J. R. 
Allen, E. I. du Pont de Nemours & 
Co., Wilmington, Del. 
Maintenance painting costs in the chem- 
ical industry can be reduced appreciably 
by taking measures necessary to increase 
the life of coatings and by cutting their 
application cost. Longer life can be ob- 
tained by following the three primary 
(Continued on Page 106) 


NOW...for the first time 
measure corrosion DIRECTLY! 
































Quick, Convenient, Accurate. Now 
you can measure progress of corro- 
sion at any location in your system or 
plant—without need for handling test 
coupons, taking samples or disturbing 
plant operations! 


The Corrosometer system consists of 
any number of probes which remain 
in continuous service, and a portable 
meter which simply plugs into each 
probe to indicate extent of corrosion 
directly in micro-inches of metal lost. 


Vey 


THE CORRO 








; & 


OMETER 


Corrosion measured takes place on 
the specimen built into the probe. 


Probes are available in many differ- 
ent constructional alloys to meet vari- 
ous processing requirements and 
systems in chemical plants, food 
plants, refineries—wherever corrosion 
is a problem. To get the facts on how 
to boost corrosion control efficiency 
and cut your costs with the Corro- 
someter, write direct today for full 
details! 
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Visit our booth — No. 110 — at the 12th annual N.A.C.E. \ 
Corrosion Show, Hotel Statler, New York, March 12-16. 
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CREST INSTRUMENT COMPANY, p. 0. Box 8042 ~ SEATTLE 55, WASH. 
































































CORROSION NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


ae aeae 


Calcium Carbide 


Acetone Borax Calcium Carbonate Calcium Chloride (FI 


Ethyl Acetate Ethyl Alcohol Ethylene Glycol Glycerine Insecticide Concen 


Soap and Soap Lye Soda Ash Sod , 


Sodium Bicarbonate 


LECTRO-CLAD 


Nickel Plated Steel Plates 
will give it to you 


Yes, you can get low-cost, yet effective pro- 
tection against contamination and corrosion 
with all these chemicals...and many more! 

Effective in heavy industrial applications 
where the corrosion rate does not exceed 
0.0015 inches per year, CF&I LECTRO-CLAD 
Nickel Plated Steel Plates successfully com- 
bine the corrosion and contamination resist- 
ance of nickel and the economy and strength 
of carbon steel. 

That’s because CF&I LECTRO-CLAD is made 
by the Bart Process, which consists of elec- 
trodepositing a heavy layer of 99% pure 
nickel on a carbon steel plate. This process 
results in a permanent bond between the 
nickel and the steel base. The nickel plating 


is customarily supplied in the 8-10 mil range; 
however, it can be plated up to 15-20 mils, 
if specified. 

What’s more, CF&I LECTRO-CLAD Nickel 
Plated Steel Plates are easily fabricated with- 
out costly special equipment. Just use regular 
shop equipment and bend it...weld it... 
roll it—the protective nickel layer will not 
check, spall or flake! 

Ask our nearest sales office for the com- 
plete story on economical, effective, easy-to- 
fabricate CF&I LECTRO-CLAD Nickel Plated 
Steel Plate* today. Wickwire Spencer Steel 
Division, The Colorado Fuel and Iron 
Corporation, P. O. Box 1951, Wilmington, 
Delaware. 


*CF&I LECTRO-CLAD Nickel Plated Steel Sheets, Pipe, Fittings and Heads are also available. 
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| Chlorinated Hydrocarbons Cold Hydrofluoric Acid _—_—Dibutyl Phthalate 






— Petroleum Catalysts : Phenol Potash Resin Plasticizers | 





Assembling a tank fabricated from CF&I LECTRO-CLAD Nickel Plated Steel Plates. 
The heads have also been nickel electroplated by the Bart Process. 
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Claymont Steel Products 


Products of Wickwire Spencer Steel Division « The Colorado Fuel and Iron Corporation 


Abilene « Albuquerque + Amarillo + Atlanta + Billings + Boise » Boston + Buffald + Butte » Casper * Chicago + Denver « Detroit + El Paso + Ft. Worth » Houston + Lincoln (Neb.) + Los Angeles 
New Orleans + New York + Oakland + Odessa + Oklahoma City + Philadelphia + Phoenix + Portland + Pueblo + Salt Lake City + San Francisco + Seattle « Spokane + Tulsa + Wichita 
CANADIAN REPRESENTATIVES AT: Edmonton + Toronto + Vancouver * Winnipeg 


I OTHER CLAYMONT PRODUCTS 
Stainless-Clad Plates « Manhole Fittings and Covers « Large Diameter Welded Steel Pipe 
Flame Cut Steel Plate Shapes « Flanged and Dished Heads » Carbon and Alloy Steel Plates 
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Pipe Line Symposium Covers Filtration, Statistics 


Cathodic Protection 
Of Semi-Marine 
Line Also Detailed 


An interesting theory about under- 
ground corrosion which will be 
nificant in problems related to economics 
will be outlined in one of the four papers 
in the Pipe Line General Symposium. 
The symposium will begin at 9 am 
Wednesday, March 14. Other papers 
cover filtration, performance tests on 
pipe line coatings and cathodic protec- 
tion of a semi-marine pipe line. 

L. G. Sharpe, Napko Paint and Var- 
nish Co., Houston and R. C. Martin, 
Plantation Pipe Line Co., Atlanta are 
chairmen. 

The symposium is concurrent with 
Chemical Industry and Power and Com- 
munications symposia. 

Available abstracts follow: 


sig- 


Experiments Employing Diatomaceous 
Earth in Products Pipe Line Filtra- 
tion by Ivy M. Parker, Plantation Pipe 
Line Company, Atlanta, Ga. 

The fineness and slimness of sediment 
in a well inhibited products pipe line 
makes its removal by direct filtration 
very difficult, because excessive pressure 
drops are built up by very small quan- 
tities of material. A section of four-inch 
pipeline has been equipped with injec- 
tion equipment, to add diatomaceous 
earth to flowing stream, and filter, to 
receive dirt and injected earth. Experi- 
ments to date have employed a diato- 


COKE 
BREEZE 


Backfill for 
Anodes 


Ideally suited for use with anodes. Has a 
high carbon content and comes in '%-inch 
by O size. In bulk or sacks. 


ANODES 

MAGNESIUM ANODES 
CEC RECTIFIERS 
ELECTROLYSIS SWITCHES 


Wholesale 
Coke Supply 


Company 
P. O. Box 94 
MT. OLIVE, ALABAMA 


Whitley Parker 


ABOUT the AUTHORS 


IVY M. PARKER—Technologist for the Plantation 
Pipe Line Company, Atlanta, since 1945. She re- 
ceived a AB from West Texas State Teachers’ Col- 
lege and a AM and PhD from the University of 
Texas, She was assistant professor of chemistry at 
Mary Hardin-Baylor College 1934-1935, analytical 
chemist for the Shell Oil Company 1936-1943 and 
senior research chemist for the J. S. Abercrombie 
Company 1943-1945. Dr. Parker’s fields of work in- 
clude development of petroleum solvents, scale and 
corrosion control in refinery cooling water and 
internal corrosion of product pipe lines. A member 
of NACE since 1944 she is presently editor of Cor- 
rosion, chairman of Unit Committee T-2E on Internal 
Corrosion of Product Pipe Lines and Tanks. Dr. 
Parker also is a member of the American Chemical 
Society, Institute of Chemists and Georgia Academy 
of Science. 


GORDON N. SCOTT—He is a consulting engineer in 
Los Angeles. His activity in corrosion matters ex- 
tends to 1928 when he worked for Mid-Continent 
Petroleum Corp. at Tulsa. He has made extensive 
studies of corrosion while at the National Bureau 
of Standards, is the author of numerous technical 
papers on various aspects of corrosion control, espe- 
cially underground, and has been instructor at ccr- 
rosion control short courses in California, He received 
the NACE 1955 Speller Award for his work in cor- 
rosion engineering. 


maceous earth with high flow character- 
istics. This material is used both as 
precoat and as a filter aid. Efficiency of 
dirt removal is excellent. Continuous in- 
jection of filter aid greatly extended 
filter life when injected at either of two 
points: 1) Thirty feet from the filter; 2) 
At up stream station, 37 miles away. 


a 
An Outline of a Physical Theory on 
Underground Corrosion by Gordon N. 


Scott, Los Angeles, Cal. 

From a theoretical approach an attempt 
is made to account for the rate of ac- 
cumulation of leaks on a pipe line. In 
addition to the theoretical development 
the scope of the subject includes a dis- 
play of evidence in support of the theory 
and a discussion of consequences of 
practical importance. 

The present paper is limited to an 
outline of the theory. It begins by ac- 
cepting the familiar assumption that the 
corrosion rate decays inversely with its 
progress. If for extensive structures it is 
assumed that the effective electrochemi- 
cal potentials at work are essentially 
constant, it then follows that the domi- 
nant variable is the environmental elec- 
trochemical conductivity. Thus is related 
the total corrosion to time, the electro- 
chemical potentials extant and soil con- 
ductivity. 

Since at a fixed time the corrosion at 
each point of attack is associated with 
a value of conductivity, the distribution 
of corrosion follows that of the con- 
ductivity, the logarithm of which is 
normally distributed. At this point use 


GENERAL PIPE LINE 


Cathodic Protection of Certain Semi- 
Marine Pipelines by B. J. Whitley, Jr, 
Tennessee Gas Transmission Co, 
Houston, Texas. 

Experiments Employing Diatomaceous 
Earth in Products Pipe Line Filtration 
by Ivy M. Parker, Plantation Pipe Line 
Co., Atlanta, Ga. 

Performance Tests on Pipe Line Coatings 
by H. W. Walquist, Ebasco Services, 
Inc., New York, N. Y. 

An Outline of a Physical Theory of Un- 
derground Corrosion by Gordon N. 
Scott, Los Angeles, California. 


modern mathematical sta- 
tistics to relate maximum corrosion to 
the area associated therewith. A similar 
analysis relates the maximum corrosion 
to pit depth. The introduction of the 
wall thickness of the pipe into the anal- 
ysis completes the development whereby 
the trend of leaks on pipe lines may be 
traced, 

Importance of the effort lies not only 
in the measure of success attained in 
the accounting but in the novel and 
practical conclusions which have te. 
sulted. The complete work is regarded 
as a substantial contribution to the 
theory of underground corrosion. 


Electrical Check— 


(Continued From Page 78) 


is made of 


quiring the bottles to be opened. 
probe consists of a corroding  speci- 
men (metal ribbon) to which is at- 
tached a protected specimen serving as 
a temperature-compensating element, 
These specimens form two arms of a 
resistance-measuring bridge. Electrical 
leads, brought through the rubber stop- 
per to the outside of the bottle, permit 
the probe to be connected when de- 
sired to a bridge circuit which is used 
to measure the resistance of the cor 
roding specimen. The bridge circuit i 
ternally converts any change in resist- 
ance to loss of metal thickness. The 
corrosion loss in millionths of an inch 
is read directly from a meter and can 
be followed conveniently during the 
course of the test. Several applications 
of the method are discussed. 


Five Papers Listed— 
(Continued From Page 84) 


tilled water and do not cause significant 
contamination of the water being 
handled. 

The increased use of the ion exchange 
method for purifying water has required 
equipment fabricated from materials 1! 
which such a water could be handled 
with a minimum of pick-up and dis 
coloration. Since many processes ft 
quire large quantities of a water of very 
low total solids content, it was natural 
to consider aluminum alloys for the 
fabrication of storage tanks and piping 
for handling demineralized water be 
cause of the many successful applice 
tions of aluminum alloys handling dis- 
tilled water. 

e . 
Corrosion is indexed annually by Engr 
neering Index. 
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lications Jet Strainers offer three distinct advan- Strainer operation reduces the process to 
tages over all others: push-button control and manual opening 

(1) They strain all of the product... all and closing of a few valves. 

) the time, requiring minimum stand-by capac- The whole story on Jet Strainers has been 

nificant ity. This means that it is never necessary to prepared in booklet form. A copy will be sent 

+ being by-pass any of the dirty product. Thus, metal gladly on request. 

chia seals, bearings and other vulnerable pump 

au arts cannot be damaged by solids entrained THORNHILL-CRAVER CO. 

vale hs P en ee ene P. O. BOX 1184 HOUSTON, TEXAS 

anil in the product. Metering equipment is likewise 

nd dis- protected against damage. 

a (2) Jet Strainers filter the product to any 

natural desired degree. Stainless steel strainer baskets 

co are available in mesh sizes up to 400. Filter- 

ter be: aids may be used to further improve the 

applica: 


ng (lis- 


Engi- 


brightness of the product. 

(3) Since Jet Strainers are self-cleaning, 
automatic controls may be applied to the 
strainers to make their operation fully auto- 
matic if desired. Even semi-automatic Jet 
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oll the Time 
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Complex Steel Metallurgy Problems Reported On 


Fatigue, Galvanic 


And Other Factors 


Are Given Attention 


Numerous complex metallurgical 
problems associated with corrosion are 
developed in five papers in the Steel 
Metallurgy and Corrosion Symposium to 
be held beginning at 8:45 am March 14. 
Among the topics to be discussed are 
iron carbides and impurities in low car- 
bon steel, how surface properties affect 
corrosion of tin plate and a study of 
valvanic corrosion. 

F,. J. Radd, Continental Oil Co., 
Ponca City, Okla. and F, L. Current, 
Oil Well Supply Co., Oil City, Pa. are 
chairmen. 

The symposium is concurrent with 
the Chemical Industry and General Pipe 
Line Symposia, 

Abstracts of papers follow: 

The Role of Iron Carbides and Impuri- 
ties in the Corrosion of Plain Carbon 
Steels by D. A. Shock, F. J. Radd, R. 
I.. McGlasson and L. H. Crowder, 
Continental Oil Company, Ponca City. 

\ detailed investigation into the elec- 

trochmeical system of the iron—iron 

carbide cell has been made. Origins and 
characteristics of this cell and its ef- 
fect on the corrosion behavior of plain 
carbon steels are defined. High speed, 
high sensitivity polarization curves have 
been obtained which show the corrosion 
the amount and form of the 
iron carbide present in a steel, The role 
of iron carbides in the normal rusting 
shown. kinetically. 

e 

Steel Surface Properties Affect Internal 
Corrosion Performance of Tin Plate 
Containers by A. R. Willey, Research 
Division, American Can Co., Barring- 
ton, Ill. and J. L. Krickl, Technical 
Service Division, American Can Co. 
Maywood, Ill. 

lwo easily performed laboratory tests 
have been developed which give results 
correlating with internal corrosion per- 
formance of paint electrolytic tinplate 
containers. One, the “rate of pickling” 
test, measures a permanent surface 
property of the steel arising in the an- 
nealing operation. The other, the “iron 
solution” test, measures the effect of 
certain factors governing the nature of 
the steel surface prior to electrotinning 
and to some extent the effect of the 
plating operation itself. 

Tin plate manufacturers have used 
these tests as guides in improving the 
corrosion resistance of their product. 
The described tests, however, are not 
entirely adequate to account for all the 
existing variations in corrosion perform- 
ance believed to be related to steel sur- 
face characteristics. Additional work is 
required, 


roles of 


process is 


’ 


Influence of Temperature on Corrosion 
Fatigue by I. Cornet, and Simcha 
Golan, University of California, 
Berkeley. 

This investigation deals with the effect 

of temperature upon corrosion fatigue 

between 80 and 180 F. All tests were 
of the single stage type in a 2.5 percent 

NaCl solution. Apparatus used was a 

inodification of the Kenyon-Rotating- 


Golan Krickl 


Arc machine. Two types of steel were 
tested. It was observed that corrosion 
fatigue properties at 180 F show definite 
improvement over those at room tem- 
perature. This improvement seems to 
lie in the kind of pits developed and 
their distribution along the surface. 
Apparatus designed and used in this 
investigation proves to be versatile for 
corrosion fatigue tests under various 
conditions. It affords easy control of 
most variable existing in corrosion fati- 
gue and it is especially suitable for 
qualitative studies of various kinds. 
6 
A Statistical Corrosion Fatigue Study 
of a Plain Carbon Steel by F. J. Radd 
and R, L. McGlasson, Continental Oil 
Co., Ponca City, Okla. 
Two different steels having the same 
nominal AISI 1036 analysis but having 
different microstructures were tested in 
statistical corrosion fatigue. These steels 
were different primarily as to their hav- 
ing banded or non-banded microstruc- 
tures. The microstructural differences 
are shown to be influential as to the 
corrosion fatigue life and to the corro- 
sion rate effects in acids. The differences 
observed are shown to be related to sul- 
fide and other inclusions distributions. 
The tests show that statistical corrosion 
fatigue testing affords quite unusual 
measurements—less data scattering is 
observed with statistical corrosion fa- 
tigue than with statistical air fatigue 
testing. 


A Study of Galvanic Corrosion by Dr. 
James T. Waber, Los Alamos Scien- 
tific Laboratory, Los Alamos, N. M. 

Distribution of potentials within a cor- 

rodent has been analyzed using several 

geometric arrangements of electrodes 
which lie in a common surface. Polar- 
ization has been assumed to follow 

Wagner's useful relation as it varies 

from point to point on the electrode in 

response to the local corrosion current. 

The distribution of the corrosion at- 

tack over the anode -has been studied 

also, 

Two important results are: 

1. There is a size effect—the detailed 
behavior depends to a great extent on 
whether the electrodes are larger or 
smaller than Wagner’s polarization 
parameter, 

2. Potential of a galvanic couple de- 
pends on the relative amounts of the 
two electrodes, as well as on their open 
cell potentials. 

& 

Steel Surface Properties Affect Internal 

Corrosion Performance of Tin Plate 


(Continued on Page 102) 


STEEL METALLURGY 


The Role of Iron Carbides and Impurities 
in the Corrosion of Plain Carbon 
Steels by D. A. Shock, F. J. Radd, R. L. 
McGlasson and L. H. Crowder, Conti- 
nental Oil Company, Ponca City, Okla- 
homa. 

Steel Surface Properties Affect Internal 
Corrosion Performance of Tin Plate 
Containers by A. H. Willey, American 
Can Co., Barrington, Ill. and J. L. 
Krikl, American Can Co., Maywood, 
i. 

The Influence of Temperature on Corro- 
sion Fatigue by |. Cornet and Simcha 
Golan, University of California, Berke- 
ley, California. 

A Statistical Corrosion Fatigue Study of 
a Plain Carbon Steel by F. J. Radd and 
R. L. McGlasson, Continental Oil Co., 
Ponca City, Okla. 

A Study of Galvanic Corrosion by J. T. 
Woaber, Los Alamos Scientific Labora- 
tory, Los Alamos, New Mexico. 


ABOUT the AUTHORS 


D. A. SHOCK—Research Group Leader, Research 
Laboratory Continental Oil Co., Ponca City, Okls., 
he was in charge of corrosion research problems on 
the staff of the University of Texas and formerly 
was employed by International Minerals and Chem- 
ical Corp. and Dow Chemical Co., Midland, Mich. 
He is a member of NACE, ACS and holds an engi- 
neering degree from Colorado College, Colorado 
Springs, Col. and an MS in chemistry, University of 
Texas. He is active on NACE technical committees 
and has published many papers on oil well and gen- 
eral petroleum corrosion problems. 


A. R. WILLEY—Senior research engineer at American 
Can Company’s Research Center at Barrington, Ill. 
he has done extensive experimental work on develop- 
ment of special methods to evaluate tin plate per- 
formance, especially its corrosion resistance. His 
recent work includes a study on the corrosivity of 
foods, He has published a paper on an electrolytic 
method for determining tin coating weights. He 
received a PhD in chemistry from University of Wis- 
consin and has been with Canco since 1937. 


J. L. KRICKL—For the past seven years he hos 
worked chiefly on problems of evaluating corrosion 
resistance of tinplate and of transplating improve- 
ments in plate quality into practical measures of tin 
conservation. With the Metallurgy Group of Ameri- 
can Can Company’s Technical Service Division. He 
joined the company after receiving a MS from St. 
Mary’s College and an MS in chemistry from Uni- 
versity of Illinois. 


SIMCHA GOLAN—Presently with Kaiser Engineers, 
Oakland, Cal. he received a BS in mechanical engi- 
neering from the University of California at Berkeley 
in June 1953 and did graduate work on the same 
campus receiving an MS in 1955. His master’s thesis 
was titled “The Influence of Temperature on Cot 
rosion Fatigue.” 
a 


Indexes to Corrosion’s Technical Sec- 
tion, Technical Committee Activities 
Section and Corrosion Abstract Section 
are published annually in the December 
issue. 
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QHD COATINGS for METALS 


Metallic 


Organic 


Decorative 


Protective 


RAMAN 02 RL 


Plastisol permits 


spraying of 
sheet-like coatings 


A plastisol developed especially for 


spraying, Unichrome Coating 5300 ap- 
plies easily to the exterior of tanks and 
ducts, and as a lining for equipment. 
It produces protective films up to 20 
mils thick with one coat. Multiple coats 
can therefore provide thickness equiv- 
alent to plastic and rubber sheet ma- 
terials generally used for protection. 
Plastisol does a superior job since 
there are no seams or joints. 





Coating 5300 bakes at 350° to 365°F, 
won't chip, and withstands a wide 
range of corrosive materials. A num- 
ber of firms are available that can ap- 
ply Coating 5300 for any plant without 
the required baking facilities. 


Bulletin VP-1 gives more data on 
Unichrome Plastisols. 


Neoprene for heavy-build 
maintenance coatings 


Several new Ucilon* Coating Systems 
give chemical engineers unusually ef- 
fective weapons against corrosion. 
These systems are based on neoprene 
coatings for air dry or force dry appli- 
cation, Chief physical characteristic of 
these systems is the substantial build- 
up of coating to resist severe service 
conditions. 


In all, 20 chemical resisting Ucilon 
Coating Systems are now available. 
Send for Bulletin MC-9 for details. 

*Trade Mark 


UNITED CHROMIUM DIVISION 


METAL & THERMIT CORPORATION 
100 East 42nd Street, New York 17, N. Y. 


© Detroit 20, Mich. 
e Los Angeles, Calif. 


of Canada, Limited, Toronto 1, Ont. 


finding the right chemical resistant linings 


to protect drums 


Corrosion Engineers can 
help solve packaging 
problems through the 
work of United Chromium 


By such simple yet re- 
liable means as test 
cells, resistance of vari- 
ous drum lining formu- 
lations to any one speci- 
fic product is readily 
determined. Similarly, 
resistances of one par- 
ticular lining to a whole 
range of chemicals is 
just as easily gauged. 


THE AIMS 


United Chromium 
makes such tests by the 
hundreds of cells. This 
effort is aimed at im- 
proving existing coat- 
ings for drum lining 
service; at sizing up the 
worth of newly developed coating 
materials; at helping processors 
find the one best lining for a par- 
ticular product to be packaged, 
shipped or stored in drums. 

Coatings meeting chemical re- 
sistance requirements are double- 
checked for impact resistance, 
adhesion, film continuity and 
thickness, distensibility, and flexi- 
bility. 

THE FINDINGS 


This work has produced reliable 
and valuable information. With 
just four basic coating types, a tre- 
mendous variety of products and 
chemicals can be handled in metal 


containers. These four include a 
Unichrome vinyl, phenolic, epoxy 
and plastisol series of drum lin- 
ings. 

Results in service bear out test 
cell findings. Unichrome Drum 
Linings are being specified for 
such products as acids, alkalies, 
salts, alcohols, wetting agents and 
detergents, and many, many 
others. Drum corrosion and prod- 
uct contamination have been 
avoided. Shipping costs have been 
cut. 

For important application data 
and typical usages of these Uni- 
chrome Drum Linings, send for 
Bulletin DL-2. 
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Cables and Stray Currents Are Scheduled Topic 


Testing of Wrappings 
Also to Be Covered 
In 4-Paper Session 


Lead sheathed cable corrosion prob- 
lems are considered in three of the four 
papers in the Power and Communica- 
tions Symposium, The fourth paper cov- 
ers testing of wrappings for buried 
structures. This symposium begins at 
2 pm Wednesday March 14. 

T. J. Maitland, American Telephone 
and Telegraph Co., New York and W. 
\. Sinclair, Detroit Edison Co., Detroit 
are chairmen. 

The symposium is concurrent with 
the Chemical Industry Symposium and 
Pipe Line Group Discussions. 

Abstracts of papers follow: 


Field Laboratory Testing of Wrappings 

for Buried Structures by H. M. Clay- 
ton, Memphis Light, Gas and Water 
Div., Memphis, Tenn. 
To determine the preferred type of tape 
for insulating gas pipe and fittings at 
the junction of coated services and 
coated mains, tests were made on test 
samples of tape applied to pipe and 
fittings and then submerged in a water 
bath having a resistivity of 2000 ohms 
per cubic centimeter. Direct current 
voltage, simulating cathodic protection, 
Was applied between the water and the 
pipe except that the voltage was raised 
at intervals, above a normal cathodic 
protection voltage, for the purpose of 
ageing, to a maximum of 2.5 volts be- 
tween the pipe and copper-copper sulfate 
electrode. 

The following observations were made 
weekly: The current flow between the 
pipe and the water, the voltage to a 
copper-copper sulfate electrode and the 
applied direct current voltage was read 
and recorded before and after each ad- 
justment. Water resistivity was meas- 
ured at each weekly observation, 

In addition to the above, the 
of the water absorbed by the 
during the test was determined. 

In this paper a general discussion of 
the details of the test and conclusions 
drawn therefrom are given. 

e 

Corrosion of Lead Sheathed Power 
Cables in Concrete Tunnels by R. I. 
Perry, Commonwealth Edison Com- 
pany, Chicago. 

The Commonwealth Edison Company 
has experienced an appreciable amount 
of corrosion on the lead sheaths of 
underground power cables where they 
are located in concrete tunnels. The cor- 
rosion occurred at several locations in 
a metropolitan city where the lead 
sheathed cables were installed in con- 
tinuous, precast concrete ducts and in 
ducts of other non-metallic materials 
encased in concrete and placed in con- 
crete tunnels under waterways, Tests 
indicated that the corrosion on the lead 
sheathed cables was due to calcium 
hydroxide from incompletely mee con- 
crete. 

Typical chemical analyses are shown 
of water from the continuous conduits. 
The sheath voltages and water condi- 
tions under which these cables operated 
are given and the methods employed to 


weight 
sample 


Clayton 


ABOUT the AUTHORS 


HENRY M. CLAYTON—He is a member of AIEE, 
NACE and NAPE and a registered engineer of the 
state of Tennessee. He organized and has directed 
the Corrosion Prevention Department of the Memphis 
Light, Gas and Water Division since 1950. A student 
of electrical engineering at Texas A & M, he served 
in the infantry in World War I. He was employed 
successively in various engineering capacities by 
Texas Power and Light Company, Little Rock Railway 
Electric Company, Little Rock, Ark.; Arkansas Cen- 
tral Power Company, Memphis Power and Light Com- 
pany, Memphis, Tenn, Since 1939 he was standard- 
ization engineer for the Memphis Light, Gas and 
Water Division. 


R. 1, PERRY—A senior engineer with Commonwealth 
Edison Company of Chicago, Ill., he has been em- 
ployed by that company for the past 29 years. During 
that time he has been actively engaged in mitigation 
of corrosion of his company’s equipment. He has a 
BS in electrical engineering, is a registered profes- 
sional engineer in the state of Illinois and a member 
of NACE, 


DANIEL R. WERNER—He is in charge of cable cor- 
rosion control engineering, Western Area, American 
Telephone and Telegraph Co., Kansas City, Mo. His 
work on electrolysis control goes back to 1934. He 
is an engineering graduate of Rose Polytechnic Insti- 
tute, Terre Haute, Ind. 


reduce the concentrations of calcium 
hydroxide in the continuous conduits 
are described. The pH values and con- 
centrations of calcium hydroxide are 
shown for the water in the conduits in 
two tunnels prior to and after corrective 
measures were taken. 

The methods now used by this com- 
pany to cure concrete in tunnels before 
lead sheathed power cables are installed 
are also described. A brief description is 
given of the prelubrication of continuous 
tunnel ducts before pulling in large 

cables and of the application of pulling 

grease to the cables at the time of in- 
siallation for the prevention of corrosion. 
@ 

Testing Methods and Corrosion Control 
Measures for Buried Telephone Cables 
by Daniel R. Werner, American Tel. 
& Tel. Co., Kansas City, Missouri, 

Most of the thousands of miles of buried 

telephone cable installed by the Bell 

System has been placed within the past 

10 to 15 years. Although relatively few 

serious corrosion troubles have been ex- 

perienced on these cables to date, in- 
vestigations have indicated that damage 
due to corrosion on this type of plant 
may be expected to increase unless spe- 
cial mitigative measures are employed. 

The number of miles of cable involved 
has made it desirable for those in charge 
of corrosion work to develop special 
layout records which will serve as a 
base for recording the results of field 
data such as: potential of cable to ref- 
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POWER AND 
COMMUNICATIONS 


Field Laboratory Testing of Wrappings 
for Buried Structures by H. M. Clayton, 
Memphis Light, Gas and Water Diy, 
Memphis, Tenn. 

Corrosion of Lead Sheathed Power Ca- 
bles in Concrete Tunnels by R. |. Perry, 
Commonwealth Edison Company, Chi- 
cago, Illinois. 

Testing Methods and Corrosion Control 
Measures for Buried Telephone Cables 
by D. R. Werner, American Telephone 
and Telegraph Company, Kansas City, 
Missouri. 

Corrosion Control Equipment for Under- 
ground Cables in Conduit in a Stray 
Current Metropolitan Area by E. P. 
Teale, American Telephone and Tele- 
graph Co., Washington, D. C. 








sheath current flow 
location of corrosion 
troubles, of remedial measures and 0 
other structures which might influence 
the corrosion problems, etc. One suc 
record developed by the author and its 
use is described. : 

The difficulty involved in obtaining 
access to buried cable at the frequett 
intervals desirable for measurement 0! 
current flow on the cable sheath has led 
to consideration of other means of test: 
ing to more precisely locate areas 0 
current loss and the amount of curret 
discharged to the soil. Testing methods 
now under field trial by the author a! 
discussed. 

Utilization of data obtained by the 
above methods to determine the prob 
able life of a cable from a_ corrosi0 
standpoint and for balancing the est 
mated cost of remedial measures for ai 
expected cable life against the cost ( 
replacing the cable at some future dat 
are also described, 

8 
Corrosion Control Equipment for Un- 
derground Cables in Conduit iné 

Stray Current Metropolitan Area b) 

Edward P. Teale, American Telephon 

& Telegraph Cex Washington, D. 
For many years prior to 1940 sever 
miles of a main conduit route i 4 
metropolitan area containing bare leat 
sheath intercity and exchange telephon 
cables were protected satisfactorily fro! 
stray current corrosion by a single 
drainage wire. This protection consisted 
of a 700,000 cm aerial wire connected? 
from the cables at one location to tht 
negative bus of the DC railway genet 

(Continued on Page 106) 
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Practical Cathodic Protection Problems Covered 


Criteria, Magnesium 
Anode Efficiency 
Study Are Included 


Although two of the papers in the 
Cathodic Protection Symposium _per- 
tain to problems associated with lead 
sheathed cables, important data are 
given in two others on a method of 
protecting radiant heating piping and 
theoretical studies on Magnesium anode 
efficiencies, The symposium begins at 
9 am Tuesday, March 15. 

A. L. Ayres, New Jersey Bell Tele- 
phone Co., Newark and C. R. Johnson, 
Port of New York Authority, are chair- 
men. 

The symposium is concurrent with the 
Plastics and Refinery Industry sym- 
posia. 

Abstracts of papers follow: 


Cathodic Protection of Radiant Heating 
Pipes by L. C. Wasson, A. O, Smith 
Corp., Milwaukee. 

In trying to apply cathodic protection 
to radiant heating pipes, it was not pos- 
sible to provide protection from an ex- 
ternal ground bed so distribution anodes 
were installed through a concrete floor. 
Because some 500 anode clusters were 
installed in a space 300 x 1200 feet some 
unusual techniques of application had to 
be developed to make the installation 
feasible. These techniques, along with 
the reasoning that led to their use are 
described. Also mentioned are some of 
the problems encountered in trying to 
determine if and when complete protec- 
tion of the system was obtained. 


Lead Cable Sheath Corrosion Under 
Cathodic Protection Conditions by 
W. H. Bruckner and R. M. Wain- 
wright, University of Illinois, Urbana. 

Numerous tests have been made in the 

Cathodic Protection Research lLabora- 

tory at the University of Illinois with 

cathodes of lead cable sheath in solu- 

tions of single chlorides or chloride mix- 

tures including Na, K, Ca and Me 

chlorides. A number of tests have also 
been made in solutions which not only 
contained chlorides but were made 
strongly alkaline (pH 12.4). Some of 
the runs were made in cells containing 
the aqueous solutions of chlorides or 
chlorides and alkali while other tests 
were made with the lead cable sheath 
cathodes in contact with soil saturated 
with the various solutions, The results 
from all of these tests indicated that no 
corrosion of the cable sheath occurred 
in any of these environments as long as 
the cathode was receiving protective 
current. This conclusion applies to pro- 
tective currents in the range of 50 to 

2000 ma/ft? which have so far been 

studied. Data established by the tests 

made so far were considered to be nega- 
tive because they did not reproduce the 
corrosion experienced in the field. How- 
ever, the data should rather be consid- 
ered as highly positive since they estab- 
lish the excellence of cathodic protection 
methods in combatting corrosion even 
in environments having high alkalinity. 

Recent data obtained by the cathodic 
protection laboratory show that corro- 


Bruckner Compton 


Weast 


ABOUT the AUTHORS 


L. C. WASSON—He is director of Project Laboratory 
B in the Research and Development Division of A. O. 
Smith Corp. and since he joined the company in 
1933 he has been active in research and develop- 
ment in hydraulic, mechanical and electrical engi- 
neering. In 1951 he organized Project Laboratory B 
to work with cathodic protection and associated phe- 
nomena. He has a BSEE degree from University of 
Arkansas. 


WALTER H. BRUCKNER—He is a research associate 
professor of electrical and metallurgical engineering 
at the University of Illinois and is technical director 
of the Cathodic Protection Laboratory there, Prior 
to coming to the university in 1938 he was on the 
research staffs of the Naval Research Laboratory, 
American Smelting and Refining Co. and Crucible 
Steel Co. His publications have been in physical 
metallurgy, fatigue of metals, welding, brittle frac- 
ture of steel and corrosion. He is author of a book 
“Metallurgy of Welding,’ Pitman, 1954. Mr. Bruck- 
ner is a member of AIME, ASM, AWS, NACE and 
Sigma Xi. 


RAY M. WAINWRIGHT—Associate professor of elec- 
trical engineering at University of Illinois, Urbana, 
he has a BS in EE from Montana State College and 
an MS from University of Illinois. He has worked as 
electrical engineer for power companies on corrosion 
problems and has taught courses in electrical circuit 
analysis and engineering economics at University of 
Illinois since 1946. He is active in technical affairs 
of AIEE and NACE and has been responsible for 
short courses on cathodic protection given in recent 
years at his school. He has published many papers on 
engineering economics, including cathodic protection. 


ROBERT C. WEAST—Professor of Chemistry at Chase 
Institute of Technology, Cleveland, he has a PhD in 
chemistry from University of lilinois (1943). He has 
been a consultant, researcher and teacher, conduct- 
ing studies of galvanic corrosion in hot water storage 
tanks, among other things. He has been active in 
NACE affairs for several years. 


sion and pitting of lead cable sheath 
may occur when the protective current 
is interrupted. The cathode products of 
previous cathodic protection constitute 
an environment for potentially serious 
corrosion at any time that the protec- 
tive current ceases to flow to any part 
of the lead cable sheath, In service the 
flow of protective current may decrease 
or cease due to various circumstances 
which may be listed as: a) Cathode 
films of high resistance formed by Ca 


Wainwright 


CATHODIC PROTECTION 


Cathodic Protection of Radiant Heating 
Piping by L. C. Wasson, A. O. Smith 
Corporation, Milwaukee, Wisconsin, 
Lead Cable Sheath Corrosion Under Ca- 
thodic Protection Conditons by W. H. 
Bruckner and R. M. Wainwright, Uni- 

versity of Illinois, Urbana, Ill. 

Potentials as the Criteria for Cathodic 
Protection of Underground Lead Cable 
Sheath by K. G. Compton, Bell Tele- 
phone Laboratories, Inc., Murray Hill, 
New Jersey. 

Current Efficiency of Magnesium Anodes 
Used for Cathodic Protection by R. C. 
Weast, Case Institute of Technology, 
Cleveland, Ohio. 


or Me oxides, b) Removal of soil mois & 


ture or duct water which 
seasonally. c) More highly conducting 
path for cathodic protection current 
formed by contamination with de-icing 
salts somewhere else in the circuit. d 
Daily and seasonal variation of stra 
currents. 

On the above basis it is seen thai 
when protective current ceases for at 
of the reasons cited the most corrosiv 
condition would exist where prior t 
current interruption the cable sheat! 
had received the largest protective cul- 
rent. The term cathodic corrosion ! 
therefore considered to be a misnome! 
and should be replaced in the literatur 
by the more accurate description “cori 
ston by cathodic products.” 

It is generally recognized in the fie 
that lead cable sheath failure is mos 
prevalent where the environment has 4 
high concentration of de-icing salts ani 
the cable sheath is highly negative 
ground. A more important factor whi 
has not received recognition is ti 
length of time during which such 


system operates without protective cur 
rent because the highly negative contr 
tion produces large amount of alkali # 


long as the high protective currel 
flows. The alkaline environment 0! ‘ 
protected lead cable sheath is apparent 


corrosive only when the sheath loses ! 


negative potential due to the absence | 
protective current. In fact selective 0! 
rosion such as gives rise to pit forme 
tion may be enhanced by non-uniiom 
dissipation of the polarization pote! 
tials produced by previous cathodi 


protection as was indicated from inter 


(Continued on Page 105) 
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Designed for 
easy, high-speed 
wrapping on oil 

and gas 
pipelines... 


Johns-Manville TRANSHIELD* err tine cer 


goes on fast, restricts soil stress, cuts maintenance 


On job after job, pipe line men have found that 
Transhield Asbestos Pipe Line Felt meets the need 
for an economical asbestos shield that is effective 
in average soil conditions. 


Contractors like Transhield because its special 
reinforcement makes it ideal for easy, high-speed 
application by modern machine methods. Con- 
sisting of a lightweight coal-tar-saturated asbestos 
felt, it is reinforced with continuous glass yarns 
parallel-spaced on 14” centers. Transhield’s light 


weight permits the use of 800-ft. rolls which in- 
creases application speeds since fewer stops for 
roll changes are required. 


Transhield provides a continuous membrane 
between the pipe line enamel and the soil. It works 
effectively in preserving a continuous protective 
film of enamel on the pipe. During construction, it 
guards the enamel. After installation, it reduces the 
cold flow of the enamel, and acts as a surface bar- 
rier to restrict soil stress. 


For further information write to Johns-Manville, Box 60, New York 16, N. Y.; 
in Canada, 565 Lakeshore Road East, Port Credit, Ontario. 


ui Johns-Manville 


PRODUCTS FOR 
PIPE LINE PROTECTION 
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Plastics Engineering Data Will Be Discussed 


Performance Data 
Will Be Stressed 
In Four Papers 


New performance data valuable to 
the engineer working with plastic ma- 
terials will be given in four of the five 
papers scheduled during the 5-paper 
Plastics Symposium which begins at 9 
am Thursday March 15, The introduc- 
tion will serve to orient the listener into 
the extensive information to follow. 

R. B. Seymour, Loven Chemical Co. Fenner 
of California, Newhall and G. Heine- 
mann, Columbia-Southern Chemical 
Corp., Corpus Christi are chairmen. 

The symposium is concurrent with 
the Cathodic Protection and Refinery 
Industry symposia, 

Available abstracts follow: 


Properties and Performance of Rein- 
forced Polyester Plastics in the Chem- 
ical Industry by R. E. Gackenbach 
and D. G. Estey, American Cyanamid 
Company, Bound Brook, New Jersey. 

The use of reinforced polyester resins 

as a material of construction in the 

chemical industry is relatively new and 
is one which warrants periodic review. 

This paper will discuss 1) some of the 

basic properties of polyesters which 

must be fedidens’ cc designers and ABOUT the A UTHORS 

fabricators, and 2) some examples of 

actual field installations. This detailed ponatp 6. ESTEY—Presently Assistant Product 

information is given so that other end Supervisor, Polyester Resins, American Cyanamid 


; E ‘ : Company, New York, N. Y., he has a BS in chemical 
(Continued on Page 108) engineering, Queen’s University, Ontario, Canada. 
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Specify these injection-molded 
PVC fittings and flanges 


Tube Turns Plastics, Inc. offers unplasticized PVC fittings made 
by the exclusive Hendry process. These injection molded fit- 
tings are superior to those made by conventional methods — 
minimum tensile strength of High Impact is 6000 psi, of 
Normal Impact, 7000 psi. Injection molding provides highest 
density, complete homogeneity. Tube Turns Plastics’ fittings 
are non-toxic and completely inert. Resist both internal and 
external corrosion and will handle most chemicals up to 165°F. 
Investigate PVC for piping your corrosive materials. For 
booklet write Tube Turns Plastics, Inc., Dept. PG-2, 2929 
Magazine Street, Louisville, 11, Kentucky. 


@ TUBE TURNS PLASTICS, INC. 


Louisville 11, Kentucky 


Call your TUBE TURNS PLASTICS’ Distributor 


Gackenbach Seymour 


Following employment with International Nick 
Company in Canada he was for 10 years with Vo. 
cum Chemical Corporation in production and sols 
of phenolic resins and for three years was produ. 
tion superintendent at American Cyanamid’s Bridge. 
ville, Pa. polyester resins plant. He was assigned tp 
the Plastics and Resins Division marketing group ir 
New York in 1953. 


OTTO H. FENNER—Mr. Fenner currently is engaged 
in operations research at the John F. Queeny Plont 
of Monsanto Chemical Company in St. Louis. Since 
1934 when he joined Monsanto he. has worked o 
production supervisor, area supervisor, project engi. 
neer, supervising engineer. Included in his NACE 
activities are organization of the Greater St. Louis 
Section in 1948, being chairman of the St. Louis 
Section, co-editor of the St. Louis Section monthly 
paper “Corrosion Topics,’ chairmanship of T-5D-7 
on Engineering Design of Plastic Materials of Con- 
struction for the Chemical Industry. He also iso 
member of NACE T-6A committee on organic coat- 
ings and president of St. Louis Professional Chapte 
of Alpha Chi Sigma and of ACS. He has an AB in 
organic chemistry from Washington University, St 
Louis. 


R. E. GACKENBACH—Associated with Organic 
Chemicals Division of American Cyanamid Company 
as divisional materials engineer, he devotes full time 
to evaluation, selection and specification of mate 
rials of construction. His recommendations cove 
design, fabrication and installation of process equip- 
ment. He has a BS in metalurgical engineering from 
Lehiah University and is active in ASM and NACE 
He is chairman of NACE T-5D-6 on Organic 
Chemicals. 


RAYMOND B. SEYMOUR—For more than 20 years he 
has been occupied with research and application of 
plastic materials for corrosion control purposes. He 
is now president of Loven Chemical Company, Nev- 
hall, Cal. and formerly was president of Atls 
Mineral Products Co., Mertztown, Pa, In demand o 
a speaker on corrosion control matters related to 
plastics, he has appeared in many parts of the 
United States before engineering groups. His pub- 
lications on plastics materials are voluminous, in- 
cluding three books, Plastics in Building, Corrosion 
Handbook and Plastics for Corrosion Resistor 
Applications. 


ROBERT P. WHITTIER—As project engineer fw 
Monsanto Chemical Company, Plastics Division, he 
is active in matters connected with the company’ 
Plastic House of Tomorrow, a prototype designed 
for experimentation and evaluation of materials ip 
the residential construction field, He is a membe 
of the ASCE, the Building Research Institute ané 
the Engineering Society of Western Massachusetts. 


| 


PLASTICS | 


Introduction, R. B. Seymour, Loven Chem- 
ical Company of California, Newhall, 
California. 

Properties and Performance of Thermo- 
plastics in American Industry by J. F. 
Malone, B. F. Goodrich Chemical Co., 
Cleveland, Ohio and John McBride, 
Owens-Corning Fiberglass Corp., Nev 
York, N. Y. : 

Properties and Performance of Rein- 
forced Polyester Plastics in the Chem- 
ical Industry by R. E. Gackenbach and 
D. G. Estey, American Cyanamid Com- 
pany, Bound Brook, New Jersey. __ 

Impervious Graphite as an Engineering 
Material by W. W. Palmquist, National 
Carbon Company, Cleveland, Ohio. 

Design and Engineering of Plastic Mate- 
rials of Construction by R. P. Whittier 


and O. H. Fenner, Monsanto Chemical 
Co., St. Louis, Mo. 
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CORROSION’S NO PROBLEM 


eee doing it the Dresser way! 


Gas men find Dresser “Super-Service” Insulating 
Fittings and modern Dressertape* the fastest, 
easiest, most effective way to protect service lines 
against corrosion. 

The rugged, flexible fittings are ready to use and 
simple to install. Time-proved Dresser insulating 
gaskets make joints 100% gastight, effectively and 
permanently block current flow, check corrosion. 


*Trademark of Dresser Mfg. Div. 


DRESSER .° 


Quick, easy and clean to apply, modern Dresser- 
tape readily conforms to irregular contours, bonds 
securely to pipe and fittings. Dressertape has excep- 
tional chemical, physical and electrical properties 
that assure positive and lasting corrosion protection! 

Ask your Dresser Sales Engineer about these and 
the many other Dresser products designed to help 


the gas industry solve any and all piping problems. 


LRA LLL RITE IONE IEE AE IL 7 


FITTING PARTNER 
FOR THE GAS INDUSTRY 


Dresser Manufacturing Division, 59 Fisher Ave., Bradford, Pa. (One of the Dresser Industries). Warehouses: 1121 Roth- 
well St., Houston; 101 S. Airport Blvd., S. San Francisco. Sales Offices also in: New York, Philadelphia, Chicago, Toronto. 
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Significant High 
Important Papers 
On Reaction of 


Metals Scheduled 


Considerable detailed information on 
high temperature corrosion reactions of 
metals is included in the 3-paper EFle- 
vated Temperature Symposium which 
begin at 2 pm Thursday March 15. 
Atomic energy, nickel-chromium steels 
and role of minor elements will be 
covered. 

C. C.. Harvey, Ethyl 
Rouge, La. and W. D. 
Ridge National Laboratory, 
are chairmen, 

The symposium is concurrent with 
the Protective Coatings and Worldwide 
Developments in Corrosion symposia. 

Abstracts of papers follow: 
Resistance of Metals and Alloys to Cor- 

rosion by Fused Sodium Hydroxide 

by G. Pedro Smith, Mark E. Steidlitz 
and Eugene E. Hoffman, Metallurgy 

Division, Oak Ridge National Lab- 

oratory. 


Baton 
Oak 
Ridge 


Corp., 
Manly, 
Oak 


This paper describes the results of a 
series of investigations of the resistance 
of metals and alloys to corrosion by 
fused anhydrous sodium hydroxide at 
temperatures up to 815 C, Metallographic 
studies were made of the corrosion prod- 
ucts and of the effects of corrosion on 
the microstructures of alloys. Several 
unusual corrosion phenomena were en- 
countered. Measurements were made of 
the mass transfer of metal induced by 
thermal gradients both in elementary 
metal systems and in alloy systems. 
Some of the theories which have been 
proposed to account for corrosion phe- 
nomena in fused hydroxide media are 
discussed. 
© 

Structure of Oxide Scales on Nickel- 

Chromium Steels 4 H. J. Yearian, 

H. E. Boren and R. E. Warr, Physics 


CORROSION—-NATIONAL 


ASSOCIATION OF CORROSION ENGINEERS 


Temperature Data Are Covered 


Gulbransen 


Yearian 


Department, Purdue University, La- 
fayette, Indiana, 
The structure of the scales formed on 
Ni-Cr steels ranging from 8 to 80 per- 
cent Ni and 0 to 26 percent Cr when 
oxidized for 100 hours in air at tem- 
peratures from 1600 to 2200 F have been 
investigated by X-ray diffraction meth- 
The scales are of two types, A’ and 
B’, which are analogous to and show 
the same correlations with attack rate 
as the A and B scales, respectively, on 
chromium steels. 

The major constituent of the more 
protective A’ scale is Cr:O;, as in the 
A scale, and the similarity also applies 
with respect to the occurrence of MnCreQO,. 
A’ scale differs from A in two respects, 

(Continued on Page 109) 


ods. 


ILVER PRIMOCON 


is far less costly than renewing 


SILVER PRIMOCON is indeed an out- 
standing development in a primer for 
underwater bare steel. It has been 
conclusively proven that its use ma- 
terially retards corrosion. Outstand- 
ing results on over a million tons of 


shipping throughout the world. Mod- 
erately priced. Applied by conven- 
tional methods. Equally effective for 
the protection of new and old under- 
water steel marine equipment. Write 
for particulars in circular form. 


International Paint Company, Inc. 


21 WEST SY. 
NEW YORK 6, N., Y. 
STOCKS AT: HARLINGEN . 
ORANGE ° MORGAN CITY ° 


S. LINDEN AVE. 
S. SAN FRANCISCO, CAL. 
CORPUS CHRISTI ’ 


623 PLEASANT ST. 
NEW ORLEANS 15, LA. 
GALVESTON ° HOUSTON 


HARVEY MOBILE ° TAMPA 


Steidlitz 


Smith 


ABOUT the AUTHORS 


H. E. BOREN—He is now with Stanolind Research 
Laboratory, Tulsa. He has a BS in chemical eng 
neering, 1945, and an MS in physics, 1950, both from 
Purdue University. 


EARL A, GULBRANSEN—For the past 15 years he 
has worked in the high temperature oxidation and 
corrosion fields at Westinghouse Research Labon- 
tories, where he is now advisory chemist. He was o 
post-doctoral National Research Council fellow an 
research associate at the University of California in 
Berkeley. In 1936 he accepted a position as instruc. 
tor in chemistry and chemical engineerging at Tufts 
College, Medford, Mass. He has a BS in chemicci 
engineering, State College of Washington (193) 
and as graduate assistant at the University of Pitt. 
burgh in 1931-34 he obtained a PhD in_ physica 
= In 1952 he was given the NACE Whitney 
ward, 


EUGENE E. HOFFMAN—He has a 1951 BS from 
University of Notre Dame and joined the stoff o 
Metallurgy Division, Oak Ridge National Laboratory 
after graduation. He is now in charge of the high 
temperature corrosion testing group. 


G. PEDRO SMITH—He is in charge of the high 
temperature corrosion chemistry group of the Metal- 
lurgy Division, Oak Ridge National Laboratory, He 
has a PhD in physical chemistry from University of 
Virginia (1950). 


MARK E. STEIDLITZ—His research since graduation 
from University of Rochester with a BA in chemistry 
and with an MA in chemistry from University of 
Buffalo has been on radiation chemistry of fluorides 
and inorganic bases, and more recently, on the 
chemistry of liquids at high temperatures, 


H. J. YEARIAN—Since 1938 Dr. Yearian has beer 
professor of physics, Purdue University. He holds o 
BS and MS in physics, 1927, 1929, University of 
Oregon, and a PhD in physics, 1934, Purdue Uni- 
versity. He was a National Research Fellow in 
1936-38. His principal interests are semiconductors 
X-ray and electron diffraction and electron mi- 
croscopy. 


R. E. WARR—Now with the National Bureau 
Standards, Washington, D. C., he has a BS from Fisk 
University, 1949 and an MS in physics, 1951, Purdue 
University. 


ELEVATED TEMPERATURE 


Resistance of Metals and Alloys to Cor- 
rosion by Fused Sodium Hydroxide by 
G. P. Smith, M. E. Steidlitz and E. E. 
Hoffman, Oak Ridge National Labora- 
tory, Oak Ridge, Tennessee. 

Structure of Oxide Scales on Nickel- 
Chromium Steels by H. J. Yearian, 
H. E. Boren and R. E. Warr, Physics 
Department, Purdue University, Lafay- 
ette, Indiana. 

Role of Minor Elemets in the Oxidation 
of Heater Alloys of the Nickel-Chro- 
mium Series by E. A. Gulbransen, 


Vol.p 





Westinghouse Research Laboratories, 
Churchill Borough, Pennsylvania. 
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February, 1950 


TITANIUM 


SOLVES TOUGH 


CORROSION PROBLEMS 


HOT NITRIC ACID at pressures of 300 psi took a high toll of stainless-steel 
condenser tubes at a Du Pont plant—until this titanium ‘‘top-hat’’ was in- 
stalled. Fabricated entirely of titanium, it provides a protective sleeve inside 
the top 3 inches of the condenser tubes. The unretouched photo shows the clean, 
uncorroded appearance of the ‘‘top-hat’’ after 14 months’ continuous service. 
The titanium tube sheet, tubes and welds have essentially the same appear- 
ance as when installed . . . show evidence of being able to serve indefinitely. 


id Research 


mical eng HIGH-VELOCITY STEAM and biting hydrochloric acid were cutting the 


, both fen FE rvice life of cast-iron steam diffusers to less than 3 months at a Du Pont 
Pigments plant. Bronze and corrosion-resistant alloys were tried, without im- 

ba he provement. Then a diffuser fabricated from titanium was installed. This proved 

1 ' and e,° ° . ° 

‘ch Laboro- to be the answer. The photo shows the condition of the titanium diffuser after 

‘tan 2 years’ service—a period ten times the average life of other diffusers. Compare 

— in the uncorroded appearance of the titanium diffuser with the cast-iron flange, 

ng of Tu; & which shows severe acid attack. 
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CE Whitney 


aa A partial list of other environments where TITANIUM offers unmatched corrosion resistance... 
; Tom 
he staff « CORROSIVE CHEMICALS 


Laboratory 
of the high Ferric Chloride 


Sodium Chloride 


CONDITIONS 
0-30% at 100° C. 
All Conc. at 100° C. 


POSSIBLE APPLICATIONS 
Process piping 
Kettles, heat exchangers 





f the high ‘ 
the Metal- Chlorine-Saturated Water Room Temperature Proportioning equipment 
ve . Wet Chlorine Gas 75°C. Recovery equipment, 
, ' electrolytic cells 
Chromic Acid 10% and boiling Plating equipment 
graduation . = 
n chemistry ‘ a 7 og ; oO ; : 
niversity of Sulphuric-Nitric Acid 40% sulphuric, 60% Acid heaters, nitrators, 


of fluorides Mixture nitric at 35° C. 


ly, on the 


auxiliaries 


: Calcium Hypochlorite 6%-35° C. Filter presses, 

Ss. processing equipment 
has been Zinc Chloride 20%-100° C. Coils, pans, evaporators 

n 

He holds « 

niversity of 


“tity: TITANIUM MAY BE THE ANSWER TO YOUR CORROSION PROBLEM 


iconductors 


lectron mi- 


If you’re looking for a way to improve your product... 
or cut production and maintenance costs by extending 


siderable fabricating know-how and a wide variety of 
mill shapes are available now to help you use titanium 


1. 
— a 





Bureau of the service life of essential equipment . . . it may pay you to solve your corrosion problems. For more detailed in- 
Ssh pele to investigate titanium. Asa pioneer supplier of titanium formation on titanium, just check 
sponge, Du Pont has the experience to offer you expert the coupon below, or write: E. I. 
technical help with your evaluation tests . . . can put du Pont de Nemours & Co. (Inc.), 
ee you in touch with manufacturers best equipped to work Pigments Department, Wilming- 
RE with you on your particular product or application. Con- ton 98, Delaware. 
to Cor- 
cide by E. I. du Pont de Nemours & Co. (inc.) ] 
d E. E. Pigments Department C-2 | 
.abora- TITAN i UM SPONGE Wilmington 98, Delaware j 
(_] Please send me your new technical bulletin on the corrosion- | 
Nickel- resistant properties of titanium. | 
oe PIONEERED COMMERCIALLY BY DU PONT (_] Please send me your general booklet on titanium. j 
ae I am interested in using titanium for: 
ers Name 
- ro- ar 
gh REG. u. 5. paT.OfF Firm_____________ Position, l 
atories, BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY Address 
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Coatings Symposium Scans Sprayed Metals, Zinc 


Work Measurement 
Criteria Weighed; 
Zinc Reviewed 


Three papers are to be given in the 
Protective Coatings Symposium begin- 
ning at 2 pm Thursday, March 15. One 
paper discusses sprayed metals and plas- 
tic coatings systems, another gives ex- 
perience information on zine coatings 
and a third details a plan for arriving 
at work measurement criteria relating to 
painting operations. 

W. P. Cathcart, Tank 
Pittsburgh and L. S. Van _ Delinder, 
Carbide and Carbon Chemicals Corp., 
South Charleston, West Virginia are 
chairmen. 

The symposium is 
the Elevated 
Wide 
posia. 

\bstracts follow: 


Sprayed Metals Plus Plastics by Walter 
B. Meyer, St. Louis Metallizing Com- 
pany, St. Louis, Missouri. 


Lining Corp., 


concurrent with 
Temperature and World 
Developments in Corrosion sym- 


Service records of metal sprayed coat- 
ings that were applied in the early 1930's 
now are serving to indicate the measure 
of protection afforded. 

Modern metal spraying equipment 
centers around the wire consuming units 
as opposed to powder spray units. Metal 
of any analysis that can be obtained in 
wire or rod form can be deposited by 
propelling it through the oxy-fuel gas 
jets of the unit. As the wire is Nt 
molten, the liquid metal is divided into 
finely divided molten spheres, each in 
an oxide envelope, which are driven on 
to a suitably prepared surface where the 
particles rapidly solidify. This method 
of deposition results in a laminar de- 
posit with peculiar characteristics, Be- 
cause of the oxide cementation of molten 
particle to molten particle and because 
of the flake-like structure, such deposits 
behave very much in the manner of a 
cast structure. 

Base metals to which a corrosion re- 
sistant coating of sprayed metal are to 
be attached must be prepared previously 
by pressure blast cleaning. Particle size, 
abrasive analysis, sharpness of the par- 
ticle, air pressure, cleanliness of the air 
supply and the angle of impingement 
are all of great importance. 

Chemical composition of the abrasive 
material and its possible contaminating 
effect upon the surface to be coated is 
of utmost importance. 

Slides of various types of abrasive 
particles and the resulting blasted sur- 
faces will be shown, 

Until recently, sprayed metal coatings 
for resistance to corrosion were limited 
to those metals anodic to iron and steel. 
For practical reasons, zinc and alu- 
minum were the sacrificial metals usually 
sprayed. Though porous, they afford 
protection by electro-chemical action. 

In the past seven years overcoating 
of sprayed zinc and aluminum metal 
coatings with vinyl plastic solutions, 
chlorinated rubbers and _ silicone solu- 
tions has resulted in longer life and 
lower cost, These materials minimize 
porosity and slow the rate at which the 
zinc or aluminum coating is sacrificed. 

Formerly metals below iron or steel 


Kimberley 


ABOUT the AUTHORS 


WALTER B. MEYER—President of St. Louis Metalliz- 
ing Company, St. Louis, Mo. he has been in the 
metal spraying field since 1935. He formerly was 
with Metallizing Engineering Company as sales and 
service engineer and as Midwestern Branch Manager. 
In 1939 he joined Nooter Corporation as manager 
of its metallizing division leaving to assume his 
present position. During World War II he was en- 
gaged by the War Department in installing equip- 
ment for and training personnel in the China-Burma- 
India and Mediterranean theaters in metallizing. He 
is a member of NACE, AWS, Society of Plastic Engi- 
neers and Engineers’ Club of St. Louis. He formerly 
was chairman of the National Metallizing Committee 
of AWS. 


B. C. WRIGHT—He presently is head of the Coating 
Section and Industrial Engineering Section as main- 
tenance engineer with Carbide and Carbon Chem- 
icals Co., Texas City. He has a BS in mechanical 
engineering from Purdue University and jo ned 
Carbide upon graduction in 1952. He is a member 
of NACE. 


J. L. KIMBERLEY—Executive vice-president of the 
American Zinc Institute, from 1944 to 1955 he was 
sales manager of Continuous Cast Alloy Division of 
American Smelting & Refining Co. His other experi- 
ence includes service on the War Production Board, 
in U. S. Navy and as metallurgist with Scovill Manu- 
facturing Co., Waterbury, Con. He has a BS in 
mechanical engineering from Yale (1928) and an 
MS in metallurgy (1930). 


in the electromotive series were not 
suitable for corrosion resistant coatings 
when deposited by the metallizing proc- 
ess but special procedures have been 
developed whereby sprayed deposits of 
nickel, Monel, stainless steels, Hastelloy 
alloys and others can be rendered non- 
porous by impregnating their porous 
structures with various organic materials. 
Impregnating materials can be chosen 
from among vinyl plastics, chlorinated 
rubbers, epoxy resin formulations, liquid 
Neoprene, Gilsonite mastics, catalytically 
cured phenols, heat cured phenols, furane- 
phenol-epon combinations and many 
others. Impregnating procedures are 
critical and cathodic metals plus organic 
coating systems must be used judiciously 
and only after thorough testing. 
Examples of successes and failures of 
the combination coatings will be cited. 


® 
Work Measurement As Applied to In- 


dustrial Painting by B. C. Wright, 

Carbide and Carbon Chemicals Com- 

pany, Texas City, Texas, 
Production of paint crews vary with 
material, location, weather, morale and 
other factors. Consequently, it is diffi- 
cult to know when full day’s work is 
obtained. This paper explains the appli- 
cation of three types of work measure- 
ment: Daily square footage and man 
hour reports, motion picture studies and 
work sampling. Results are included for 
a particular job, but sufficient details are 


Wright 


PROTECTIVE COATINGS 


Sprayed Metals Plus Plastic Coatings by 
W. B. Meyer, St. Louis Metallizing Co., 
St. Louis, Mo. 

Work Measurement as Applied to Indus- 
trial Painting by B. C. Wright, Carbide 
and Carbon Chemicals Corp., Texas 
City, Texas. 

The Control of Corrosion with Zinc Coat- 
ings by J. L. Kimberley, American Zinc 
Institute, Inc., New York, N. Y. 


given to permit the reader to apply worl 

measurement on his jobs and _thereb 

increase production. 
. 

Control of Corrosion With Zinc Coat. 
ings by J. L. Kimberley, America 
Zinc Institute, New York. 

This paper covers briefly, an outline | 

the history of the uses of metallic zi 

and zinc coatings to control corrosion 
and the basic theory under which zin 
is protective to steel. Methods of appl: 
cation including hot dip and_ electro 
galvanizing, metallizing, Sherardizing 
and painting are outlined and discussel 

Relative merits and weaknesses of zin 

coats are indicated as well as genera 

statements covering the fields of useful 
ness, case histories and overall consit 
erations, including economics, 


Complex Problems— 
(Continued From Page 92) 


Containers byA. R. Willey, Researt 
Division, American Can Co., Barring 
ton, Ill. and J. L. Krickl, Techmica 
Service Division, American Can © 
Maywood, III. 
Two easily performed laboratory test 
have been developed which give results 
correlating with internal corrosion per 
formance of plant electrolytic tinplat’ 
containers. One, the “rate of pickling 
test, measures a permanent surface prop- 
erty of the steel arising in the annealin: 
operation. The other, the “iron solution 
test, measures the effect of certain fac- 
tors governing the nature of the stee 
surface prior to electrotinning and t 
some extent the effect of the platits 
operation itself, 
Tin plate manufacturers have use! 
these tests as guides in improving t 
corrosion resistance of their producl 
The described tests, however, are 10 
entirely adequate to account for all the 
existing variations in corrosion perform 
ance believed to be related to steel st! 
face characteristics. Additional work * 
required. 


Februar 
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ADVANCE NEWS ON TWELFTH ANNUAL CONFERENCE 


AN EXAMPLE: Previously made of terne plate and hand- 
dipped after fabrication, this finished conductor pipe elbow 
is now produced direct from flat, galvanized stock in six 
operations, involving 180° interlocking bends, without coat- 
ing failure. This effects substantial savings in manufacture. 

Photos courtesy of WHEELING STEEL CORP. 


Sheet metal users can now take full advantage of 
the superior qualities of zinc as a protective metal. 
Continuous line galvanizing — a major metallur- 


gical achievement—makes possible the production 
of a soft ductile sheet steel with an incomparably 
tight zinc coating that will neither crack, peel or 


flake off even when subjected to the most severe 
forming operations. The combination of tight zinc 
coating and ductile steel base provided by the con- 
tinuous line process, has not only improved the 


quality of galvanized steel, but has also greatly 
widened its field of application. 


ST. JOSEPH LEAD COMPANY 


250 PARK AVENUE, NEW YORK 17, N.Y. 
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Authors from Abroad to Give Three Discussions 


International Aspects 
Of Session Bolstered 


By Three Papers 


Three papers by authors from abroad 
bolster the international aspects of the 
corrosion control problem in the World- 
Wide Developments in Corrosion Sym- 
posium beginning at 2 pm Thursday, 
March 15, ‘these papers cover novel in- 
formation on corrosion by geothermal 
steam, cathodic protection measures ap- 
plied to a vast irrigation pipe system 
and a theoretical discussion of corro- 
sion processes. 

This symposium is concurrent with 
the Elevated Temperature and Protec- 
tive Coatings symposia. 

Abstracts of papers follow: 


Corrosion by Low-Pressure Geothermal 
Steam by T. Marshall and A. J. 
Hugill, Dominion Laboratory, Depart- 
ment of Scientific and Industrial Re- 
search, Wellington, New Zealand. 

Corrosion tests in geothermal steam 

contaminated with chlorides, hydrogen 

sulfide and carbon dioxide are described, 
detailed results being given for a range 
of common engineering alloys. 

Most engineering alloys proved mod- 
erately susceptible to steam corrosion. 
Titanium and austenitic stainless steels 
(especially molybdenum-bearing varie- 
ties) were highly resistant. Stress-corro- 
sion cracking occurred in hardened 13 
Cr stainless steel, hardened low-alloy 
steels, one grade of austenitic stainless 
steel and aluminium bronze. 

Physical and chemical factors influenc- 
ing corrosion by the geothermal steam 
are discussed. 

& 


Application of Cathodic Protection in 

Israel by D. Spector, Tel Aviv, Israel. 
Inspired by the rapid progress achieved 
in the field of cathodic protection in the 
U. S. A. application of this technique 
was begun almost 10 years ago. 

Extensive rehabilitation programs 
which followed the war of independence 
in 1949 has brought about the construc- 
tion of country-wide water works. Close 
to 500,000 tons of steel piping constitute 
the present water mains and progress 
continues. 

Israel is situated in a_ sub-tropical 
zone characterized by a hot and dry 
climate. For 8 months there is no rain 
at all. As a result irrigation is essential 
for obtaining good crops. Large farms 
are widespread and their irrigation net- 
works are of a peculiar nature. Soil 
resistivity ranges from 350 ohm/cm and 
up with 1000 ohm/cm average. Water 
resistivity is about 2000 ohm/cm al- 
though resistivity of 250 ohm/cm is 
often encountered in some wells. Due to 
local conditions corrosion is causing 
heavy damage to such networks. Cathodic 
protection has been extremely efficient 
in eliminating leaks in such cases 

Cathodic protection also has been ap- 
plied to fishing vessels and other marine 
craft which have resulted in complete 
protection against corrosion. Marine 
fouling has been found completely ab- 
sent on hulls maintained at a potential 
of about 1.0 volt to copper copper-sulfate 
electrode. Electrolytic descaling of ships 


Hugill 


ABOUT the AUTHORS 


T. MARSHALL—Metallurgist as Dominion Labora- 
tory, Dept. of Industrial and Scientific Research, 
New Zealand, he holds bachelor degrees in engi- 
neering and science from Otago University, is an 
associate of the Otaao School of Mines and Metal- 
lurgy, Associate of the Institution of Metallurgists 
and a junior member of the AIME. His principal 
work is in corrosion research and technology. 


A. J. HUGILL—He is chemical engineer at Domin- 
ion Laboratory, Dept. of Scientific and Industrial 
Research, New Zealand. He has a BSc degree from 
Victoria University College and a PhD from Bir- 
mingham, England. He spent several years in England 
in scientific work before returning to New Zealand 
to work on the geothermal project. He is now assist- 
ant manager of the Huntly Brick and Fireclay 
Co., Ltd. 


D. SPECTOR—A graduate in electrical engineering 
of Manchester College of Technology, England in 
1937 he now owns and manages an engineering firm 
doing cathodic protection work in Israel. He has 
been an active member of NACE. During the Israeli 
War of Independence he was head of the Technical 
Division of the Ministry of Defense Supply Dept. He 
is a member of NACE, AIEE and of the Association 
of Engineers and Architects in Israel, as well as 
chairman of its Corrosion Group. 


hulls is being applied successfully based 

on a method developed and patented 

locally. 

Domestic electric boilers are used ex- 
tensively and their average lifetime has 
been found to be 3 years. Cathodic pro- 
tection is now widely used with com- 
plete success. 

% 

Corrosion by Differential Aeration and 
Passivity of Zinc by E. Bianchi, Poli- 
tecnico di, Milano, Italy. 

Corrosion by differential aeration of 
zinc has been investigated in different 
conditions of aeration, pH, duration of 
test. Results show that the condition of 
attack by differential aeration is realized 
only when the zinc is passive on the 
more aerated area, on which oxygen is 
reduced, Local corrosion processes take 
place on both anodic and cathodic areas, 
superimposed to the main process. In 
buffered solutions the distribution of 
the attack is changed and the corrosion 
is localized at the water line. 


Three Educational— 


(Continued From Page 76) 


fectiveness of a corrosion inhibitor 
should be predictable from molecular 
structure. For chemisorbed inhibitors 
the nature of the metal exerts a speci- 
fic influence. All of these statements 
hold for organic inhibitors and for many 
inorganic inhibitors. Some inorganic in- 
hibitors, however, are effective because 
they provide a precipitated barrier rather 
than an adsorbed barrier. 


Marshall 


Spector 


WORLDWIDE 
DEVELOPMENTS 


Corrosion by Low Pressure Geothermal 
Steam by T. Marshall and A. J. Hugill, 
Department of Scientific and Indus- 
trial Research, Wellington, New Zea- 
land. 

Applications of Cathodic Protection in 
Israel by D. Spector, Tel Aviv, Israel. 

Corrosion by Differential Aeration and 
Passivity of Zinc by G. Bianchi, Labo- 
rotori di Elettrochimica, del Politecnico 
di Milano, Milan, Italy. 





These concepts, and the hypotheses 
based upon them, are demonstrated an@ 
supported by examples drawn _ from 
purely chemical research as well a 
from corrosion experiments and ex- 
perience, 

a 
Effects of Velocity on Corrosion )y 

H. R. Copson, the International 

Nickel Co., Inc., New York 
Velocity can be a major factor in the 
corrosion of metals and like most fac- 
tors influencing corrosion, its effects are 
varied and sometimes appear conflict: 
ing. An increase in the rate of move 
ment of the environment past a metal 
part usually increases the corrosion by 
supplying the corrosives at a faster 
rate. The corrosives can reach the metil 
surface more readily because the mo 
tion thins or removes quiescent layers 
at the metal surface. On the other hand 
uniform motion may be beneficial be 
cause it makes the exposure conditions 
more uniform and thus may _ prevell 
local attack and pitting. Some motiot 
is definitely beneficial if inhibitors are 
present. In the extreme case, high ve 
locity may induce passivity and_ sto 
all corrosion. The more damaging ¢ 
fects of velocity are often due to tur 
bulence. The turbulence may set "I 
differential aeration cells and metal ion 
cells which lead to rapid local attack 
The turbulence may form anodic areas 
by eroding away thin protection films, 
in which case the attack is called er 
sion-corrosion. A high ratio of catho 
dic area to anodic area increases th 
rate of penetration in these cases. Ve 
locity effects are different on differen! 
metals, and accordingly the galvanic 
behavior of couples may be changed 
greatly. Actual erosion of metal can P 
caused by very high velocities, partict” 
larly if solids are present. Related to 
velocity effects is the damage caused 
by cavitation-erosion. Examples af 
given illustrating all these types ® 
attack. 
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Practical Cathodic— 


(Continued From Page 96) 


New! Versatile! 


Portable! 


mittent tests carried out in cells with 

NaCl and NaOH. . 

Potentials As the Criteria for Cathodic 
Protection of Underground Lead Cable 
Sheath by K. G. Compton, Bell Tele- 
phone Laboratories, Inc., Murray Hill, 


MOBILE 


ALL-HYDRAULICALLY 


N.J Mobile Drill 

\ report is made of the study of the __ Model B-40, 
static and dynamic potentials of lead with a rugged 15 h.p. 
cable sheath in 48 soils from various hydraulic motor 
sections of the United States. Soils have to supply positive, 

| continuous drilling 


been selected as representative of those 
actually in contact with cable sheaths. 
\nodic and cathodic polarization curves 
in representative soils, using a_ null 
bridge technique, are given to illustrate 
the potential changes accompanying 
corrosion and cathodic protection. Data 
indicate that significant corrosion may 
occur at potentials near the static po- 
tential of the lead sheath for that par- 
ticular soil, To achieve cathodic protec- 


‘Hae tion it appears that the lead sheath 
Indus should be polarized about 100 millivolts 
w Zea- more negative than its static potential 
in the particular soil. In most soils this 
tion in would require polarization to about 700 
| Israel, millivolts negative to the saturated 
on and copper—copper-sulfate electrode. 
, Labo- 2 
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Current Efficiency of Magnesium 
Anodes Used for Cathodic Protection by 
R. C. Weast, Case Institute of Tech- 
nology, Cleveland, Ohio. 
Current efficiency may be defined as one 
hundred times the quantity of electric 
current which flows from an anode to 
the structure being protected divided by 
the quantity of electric current released 
by the anode during its corrosion. The 
current efficiency of magnesium anodes 
is usually considered to be 50 percent 
or less. This is based upon the assump- 
tion that the magnesium anode corrodes 
according to the equation 
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Pipeliners to Have Two Discussion Sessions 


Group Meetings and 


Round Table Are 
Planned at New York 


Nine meetings of small groups dur- 
ing the Pipe Line Group Discussions 
program to be held beginning at 2 pm 
Wednesday, March 14 and the Pipe 
Line and Underground Corrosion 
Roundtable to be held beginning at 9 
am Friday, March 16 are planned for 
pipe line people especially. These ses- 
sions give the pipeliners the opportun- 
ity to seek and exchange information 
on corrosion problems peculiar to their 
industry. 

L. R. Sheppard, Shell Pipe Line 
Corp. and C. L. Woody, United Gas 
Corp., Houston are chairmen of the 
group discussions and L. B, Nelson, 
Shell Pipe Line Corp. and O. W. Wade, 
Transcontinental Gas Pipe Line Corp., 


Houston are chairmen of the round 
table. 
These sessions are informal and un- 


rehearsed and no record is made of 
proceedings so everyone may feel free 
to speak. 


General Corrosion Round 


Table to be Held Mar. 16 


The annual General Corrosion Round 
Table will be held beginning at 9 am 
Friday, March 16. This session, which 
annually attracts a large number of 
participants, has F. N. Alquist, Dow 
Chemical Company, Midland, Mich. and 


A. H. Roebuck, Continental Oil Co., 
Ponca City, Okla. as chairmen. 
Sessions are unrehearsed and unre- 


corded, All topics are considered ex- 
cept those properly belonging to the 
underground and pipe line category. 


Cables and Stray— 

(Continued From Page 94) 
ing station approximately 1000 feet 
distant. 

During and following the war period 
there was a rapid expansion of all types 
of underground utilities throughout the 
immediate and surrounding areas. This 
so altered the subsurface network con- 
ditions that the efficiency of the former 
protection was diminished by over 50 
percent. 

Investigation indicated that in order 
to reestablish adequate protection by a 
single natural drainage connection, a 
wire of over 3,000,000 cm size would be 
required, Further investigation indicated 
that by utilizing natural drainage from 
two points on the conduit system, thus 
providing the equivalent of distributed 
drainage, the size of wire for a natural 
drainage connection could be reduced to 
only slightly less than 2,000,000 cm. 


As the result of additional study it 
was decided to utilize a controlled type 
of rectifier employing two stages of 
magnetic amplification in order to: 1) 
reduce the requirement for such very 


large conductors, 2) to limit the possi- 
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bility of adverse effects on other nearby 
structures and 3) to obtain the econ- 
omies of operation possible with this 
type of equipment. The primary pur- 
poses of such equipment are to over- 
come the IR drop in the drainage con- 
ductor and to limit the drainage current 
to the minimum value required by the 
natural potential difference between 
cable and earth. Employment of this 
equipment permitted the use of a dis- 
tributed drainage arrangement, utilizing 
the original drainage facilities for one 
branch and a much smaller wire for the 
second branch. 

This paper describes the system in 
detail, discusses the results obtained and 
the problems encountered in adjusting 
the rectifier equipment to obtain the 
desired operating characteristics. 


Refinery Corrosion— 
(Continued From Page 80) 


over the field thinning of paint in order 
to assure a uniform coating and ade- 
quate mil thickness. A card system has 
been established to maintain a perma- 
nent record of each tank coating ap- 
plied. The cost per square foot is com- 
puted and analyzed for each year, The 
service life is then calculated from these 
cards and combined with the cost to 
give a more realistic figure in cost per 
square foot per year of life. Charts and 
graphs are included which show that 
although the costs of the program were 
slightly higher initially, the aims of the 
program are now being realized and a 
reduced cost of nearly $50,000 per year 
is anticipated. 
e 

How Richfield Tackled Hydrogen 

Blistering at Its New Fluid Catalitic 

Cracking Unit by B. W. Neumaier 

and C. M. Schillmoller, Richfield Oil 

Corp., Wilmington, Cal. 

Richfield Oil Corporation is making an 
all-out effort to avoid low-temperature 
hydrogen attack at its new Wilming- 
ton, California Fluid Unit. 

Most sulfides and a large portion of 
other acidic compounds, are removed 
early in the process stream. Hydrogen 
sulfide is absorbed in a diethanolamine 
solution ahead of the second-stage com- 
pressor and an extensive waterwash is 
applied at the main fractionator over- 
head and at the first-stage compressor 
aftercoolers. 

Of the 134,000 Ib. per day of corro- 
sive constituents in the main fraction- 
ator overhead stream, only 12 percent 
reaches the gas plant. Additional pro- 
tection is provided for the deethanizer 
and depropanizer overhead equipment 
by caustic washing -and drying of the 
feed to these towers. 

Two vulnerable locations are created: 
The tower and overhead equipment of 
the diethanolamine stripper and of the 
sour water reclaimer. Both are protected 
by a corrosion inhibitor; in addition, 
the feed to the water reclaimer is neu- 
tralized. 

Polysulfide injection facilities have 
been kept on standby to protect the 
vessel walls of the fractionator over- 
head and first-stage compressor systems 
when required. Inhibitor injection facili- 
ties are available for additional protec- 
tion in the absorber-demethanizer and 
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in the debutanizer overhead equipmen; 
The method of monitoring hydroge 

blistering control is described. — 

* 

High Temperature Hydrogen Sulfg 
Corrosion in Thermofor Catalytic Re. 
formers by FE. B, Backensto and R. J) 
Drew, Socony Mobile Laboratories 
Paulsboro, N. J.; R. W. Manuel, Sp. 
cony Mobile Oil Co., New York an 
J. W. Sjoberg, Socony Mobil Labora 
tories. 

High temperature hydrogen sulfide cor. 
rosion is a serious problem in commer. 
cial reforming units. Corrosion tests 
conducted in two Thermofor catalytic 
reformers, which handle widely differ 
ent type stocks, have shown that car. 
bon and low chrome steels commonl 
used for construction in the petrolewn 
industry will not resist hydrogen sulfi¢ 
attack under the high temperature con. 
ditions of the process. The commercial 
tests confirmed laboratory results whic! 
indicated that only the 18-8 chrome. 
nickel and higher alloys show good te. 
sistance to this type of corrosion. 

In addition to proper selection of al- 
loys, altering the environment by re. 
ducing hydrogen sulfide concentratior 
and the use of aluminum coated steel 
have been successful in combating this 
type of corrosion. 


Statistical Methods— 


(Continued From Page 87) 


requirements of proper surface prepara 
tion, proper coating selection and proper 
application. Application cost can be cut 
by using designs with less surface area, 
using tapes as auxiliary protection, ap- 
plying coatings by the hot spray method 
and using high solids content paints 
with fewer coats. 

This paper briefly reviews the require. 
ments for obtaining long coating life anl 
then follows with more detailed discus- 
sions of the methods for cutting the ap- 
plication cost. 

® 


Estimating for Maintenance Painting }) 
Richard F. Williams, Construction an 
Maintenance Supervisor, and J. H 
Cogshall, Corrosion Engineer, Pent- 
sylvania Salt Manufacturing (o 
Philadelphia. 

The need for and procedures for ac 

curately estimating the cost of industri 

maintenance painting are presented an 
discussed. A method proved by exper 
ence to give reasonably accurate re 
sults when used by estimators withou! 
intimate knowledge of painting tech 
nologies is presented. This method has 
proved also it will produce closely com 
parable cost predictions when used by 
different estimators. 

* 

Comparison of Alternatives by Capital- 
ized Cost by F.C. Jelen, Allied Chem 
ical & Dye Corp., Solvay Process 
Division, Syracuse, New York. 

Capitalized cost offers a simple and e& 

act method for comparing costs of alter- 

natives on a common denominator basis. 

It allows for interest and can be uset 

for a single article or expense, or fof 4 

whole plant. It accounts for differences 

in first cost, service life, operating & 


(Continued on Page 108) 
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Industry's New Proven Money-Saver 
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. > 50 Jay St., Brooklyn 1, New Yor’ 
ting @ ENTERPRISE PAINT MFG. CO : JAMES B. SIPE and COMPANY, INC. 
2841 So. Ashland Ave. HANNA PAINT COMPANY, INC. P.O. Box 8010 
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Statistical Methods— 


(Continued From Page 106) 
pense, deferred costs, obsolescence and 
salvage value; but there is no limit to 
the items which can be considered. The 
calculations are readily made with the 
help of only a few tabulated factors. 
Capitalized cost is the present value of 
all costs for an indefinite time, but com- 
parisons are correct for limited periods. 

2 
Application of the Statistical Theory of 
Extreme Values to the Analysis of 
Corrosion Pit Depth Data by P. M. 
Aziz, Aluminium Laboratories, Ltd., 
Kingston, Ont. 
Pit depth distribution curves have been 
constructed for 2S aluminum immersed 
in tap water for time periods of 2 weeks, 
one, two, four and six months and one 
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year. The distribution curves were found 
to consist of two superimposed curves; 
one, “J” shaped, results from pits which 
initiated and stifled within two weeks 
of immersion, whereas the other, a 
“bell” shaped curve, results from pits 
that initiated and continued to propa- 
gate. The “bell” shaped curve retains its 
shape and moves in the direction of 
increasing pit depth. After about two 
months the majority of these latter pits 
cease propagating, the mode of the bell 
shaped curve becomes stationary and 
only a small number of the deeper pits 
continue to propagate, the tail of the 
distribution curve lengthening with time. 

The maximum pit depths obtained on 
each of replicate samples have been 
analyzed by the statistical theory of ex- 
treme values using the appropriate prob- 
ability paper and have been found to fit 
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the extreme value distribution. 

sf 
o, —— 

From this it has been shown that the 

maximum pit depth is linear in th 

logarithm of the exposed area thus pro- 
viding a rational method of extrapolat. 
ing pitting data obtained in the labora. 
tory on small samples to large scale fielj 
installations. This fit of maximum pj 
depth data to the extreme value distriby. 
tion also makes possible the extraction 
of more information from a limited 
number of pit depths than has been 
heretofore possible. 

& 

Corrosion of Metals by Liquid Fertilize 
Solutions by D. C. Vreeland and S, H 
Kalin, United States Steel Corp, 
Monroeville, Pa, 

Laboratory corrosion tests have been 
conducted on carbon steel, low-alloy 
steels, chromium and chromium-nickel 
stainless steels and aluminum to evaluate 
their suitability as constructional materials 
for storage, transport, and applicator 
tanks for “nitrogen” and “complete-mix’ 
liquid fertilizers. Two types of corrosion 
tests were conducted; partial immersion 
of small specimens of each material in 
each fertilizer solution and _ simulated 
service tests in which small tanks fabri- 
cated of each of the test materials were 
partially filled with each of the fertilizer 
solutions. The amount and type of cor- 
rosion was evaluated by weight-loss de- 
terminations, thickness changes, pit-depth 
measurements, analyses of the solutions 
and metallographic examinations. 

Results of the corrosion tests showed 
that in the nitrogen fertilizer solutions 
several chromium and chromium-nickel 
stainless steels and aluminum were not 
attacked while a plain carbon and a low. 
alloy steel were attacked. In the com- 
plete-mix fertilizer solutions, only the 
chromium-nickel stainless steels were 
not attacked while aluminum, several 
low-alloy steels, a plain carbon steel and 
three chromium stainless steels were 
attacked. 

Service tests are being conducted on 
carbon steel and some of the steels that 
had satisfactory corrosion resistance in 
the laboratory tests. 


Practical Plastics— 


(Continued From Page 98) 


users may evaluate this material for 
their specific requirements, 
® 
Design and Engineering of Plastic Me 
terials of Construction by R. P. Whit 
tier and O. H. Fenner, Monsant' 
Chemical Co., St. Louis, Missouri. 
Proper selection of plastics as materials 
of construction in the chemical and 
allied industries can result in tremendous 
savings in maintenance costs. Recon 
mended procedure is to choose the 
plastic most resistant to the environment 
and then to apply engineering design t0 
circumvent any inherent, unfavorable 
properties of the specific plastic. Appl 
cations of this technique are discussed 
and illustrated, with particular reference 
to the use of polyvinyl chloride, poly- 
styrene, polyethylene, polyester glass 
fiber reinforced and phenolformaldehyde 
resins in the fabrication of chemical 
processing equipment and use as struc 
tural materials. . 
Good engineering design in the applt- 
cation of plastics is dependent largely 
upon the availability of past perform 


(Continued on Page 109) 
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Practical Plastics— 
(Continued From Page 108) 
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Fertilizer 3 
andS.H (Continued From Page 100) 


el Corp, to one or both of which differences its Call in your 
increased popeec tore non be ee 
roaite nstead of Fe:Os, A’ scale may contain S 7 Cc 
a solid solution of 5 to 60 mole percent E ervice ompany 
> evaluate of Cr:Ox in Fe:Os. The relative = < ; 
materials of this phase exhibits a direct corre a- E using 

applicator tion and its r:Os content an inverse ie 
lete-mix” correlation, with attack rate. The — 
corrosion difference 1s that as the temperature of 
mmersion oxidation or the Ni level of the alloy is 
aterial in increased, the MnCr2O, phase is eae 
simulated by increasing amounts of an Fe-Cr-Ni 
tks fale: spinel. For an 80Ni-20C r alloy Ni is 
‘ials were 2/80 present in A scale. . 
fertilizer The less protective B’ scale resembles 
e of cor- p scale in that no C r2Os phase is present. 
t-loss de- \s in the case of A’ scale, no Fe:Os is 
found but instead low chrome ferric- 


ave been 


— chromic oxide solutions occur the CreO; 
ns. content of which increases toward the 
; showed inside of the scale. ‘The most striking 
solutions difference between B’ and B scale is the 


total absence of FeO from the former, 
even when the attack rate is extremely 


high, 


1m-nickel 
were not 


id a low. e Ps 
the com: These results are compared with ex- 
onlysiie isting scale data and interpreted using 
sIs were a tentative constitution diagram and a 


theory of Wagner. 

% 

Role of Minor Elements in the Oxida- 
tion of Heater Alloys of the Nickel- 
Chromium Series by Earl A. Gul- 
bransen, Westinghouse Research 
Laboratories, Churchill Borough, Penna. 
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The various alloying elements are con- 
sidered in terms of their effects on the 
physical and chemical structure of the 
oxide, oxide-metal interface and metal. 


3) Eight types of effects are discussed and th Ww Y Ww 
ey where experimental data are available U er a ? you _ 
‘rial for these data are used to illustrate the na- 
ture of the effect. 
. The eight types of effects are: 1) for- 
stic Ma- § mation of new oxide of minor alloying Does your company handle its Diamonp offers technical help 


> Thy . e ° o 

>. Whit element in outer layer, 2) formation of ai ces ssinett « ‘ontrol program? and service -oble involv 

lonsant mixed oxide or spinels, 3) formation of own corrosion control program: and service on problems involv- 

sOurl, oxide 4 ine ele > i i or Javer . arly 7s . : . . ‘ 

sea xide of alloying element in inner layer, Or do you regularly call in a re- ing corrosion control. Call your 

naterials 4) change in conductivity and the num- ; : en adits : 3 ee 

cal = ber of cation vacancies of the oxide film. liable service organization! D1aMonp Sales Office in Chicago, 

mendous 3) change i rsics - arties : ° 5 “¢ a . . 

Ree a. the physical properties and Either way, you're heads up if Cincinnati, Cleveland, Houston, 
€ adhesive properties of oxide and oxide- a 


ose the alloy interface, 6) formation of inclu- top-quality Dr1amMonp corrosion Memphis, New York, Philadel- 
r nt o . é I 
ronment sions and other types of defects in the 





esign 9 metal, 7) concentration of impurities at control chemicals—sodium chro- phia, Pittsburgh or St. Louis. Or 
re i. the grain boundaries of the metal and 8) mate and sodium bichromate—are write to DIAMOND ALKALI Com- 
. Appi reaction of the alloying element with the ‘ d . . aes 
iscussed Surface oxide to give a volatile reaction on the job. We can deliver quickly PANY,300 Union Commerce Bldg., 
ference pro . : ° 
a -— Sir oat nemesis saliteialaniis from strategically located stocks. Cleveland 14, Ohio. 
“r glass such as calcium, cerium and _ silicon is 
Idehyde attributed to the fact that these elements 
hemi . “o not substitute easily in the spinel 
5 sy oxide Structure and thus concentrate in 
s certain sections of the oxide film. 
e appli- e 
largely A 10-Year Index to the material in Cor- 
erform- fosion Technical Section 1945-54 inclu- 
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Officials Responsible for Conference 


Battle Cathcart Harvey Johnson 


REDUCE 
MAINTENANCE 
_ COSTS- 


Avoid Corrosion 


by using the following products: 


ae we LS 
PRESSURE SENSITIVE TAPES 


With polyethylene or vinyl backing to 
solve your pipeline corrosion problems. 


NERVA-KOTE CORROSION RESISTANT 
HEAVY DUTY COATINGS 


A variety of plastic and synthetic rubber coatings for spe- 
cific protective uses on steel, concrete, wood and masonry. 


NERVA-PLAST CEMENT 


Completely waterproof and impermeable 
all-weather coating and mastic. 


RUBBER & PLASTICS COMPOUND CO., Inc. 


30 Rockefeller Plaza, New York 20, N. Y. 
Please send me the literature checked below: 


CL] NERVATAPE technical bulletins () NERVA-KOTE technical brochure & guide 
(J NERVA-PLAST technical bulletin 


Maitland 


Nelson 


Oxford Philibert 


Roebuck Sharpe 


CONFERENCE OFFICIALS—J. L. Waso, Dov 
Chemical Co., Midland, Mich., is co-chairmot 
of the Chemical Inhibitor Symposium; J. f 
Mason, Jr., The International Nickel Co., Inc. § 
New York, is co-chairman of the Refinery |r 
dustry Symposium; W. F. Oxford, Jr., Sun Oil 
Co., Beaumont, and J, L, Battle, Humble 0! F 
and Ref. Co., Houston, are co-chairmen of 


(Continued on Page 112) 
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RUST-OLEUM. 


PENETRATION 


through rust to bare metal traced by Geiger ‘on 
Counter. To effectively stop rust—the vehicle of a protective 
coating, when applied over a sound, rusted surface—must 
penetrate through the rust down to bare metal. Rust-Oleum 
does exactly that!—as proved by radioactive research! 
Rust-Oleum’s specially-processed fish oil vehicle was radio- 
activated and formulated into Rust-Oleum 769 Damp-Proof 
Red Primer—then applied to rusted test panels. Penetration 
through rust to bare metal by Rust-Oleum’s specially- 
processed fish oil vehicle was then traced by Geiger Counter. 
You stop rust, because Rust-Oleum’s fish oil vehicle soaks 
deep down to bare metal and into the tiny pits where it drives 
out air and moisture that cause rust. You save, because this 
same penetration enables you to apply Rust-Oleum directly 
over rusted surfaces—usually eliminating costly surface prep- 
Nelson arations. Attach coupon to your letterhead for your thirty- 
page report entitled, “The Development of a Method To CESS, Seg PPE Peale rage 
Determine The Degree of Penetration of a Rust-Oleum Fish- eee MCR ee ri 
Oil-Based Coating Into Rust On Steel Specimens,” prepared bole 23 akon aves eg pind best ardecs conten 
by Battelle Memorial Institute technologists. 


ToT Mate} 
Mixed, Rust-Oleum vehicle, 


Radioactivity, per cent 
rust, and metal 


Rust-Oleum Coating, 


There is only one Rust-Oleum. It is 
distinctive as your own fingerprint. 
Accept no substitute. Buy—and 
specify only Rust-Oleum. 

You'll be happy 

that you did. 


ilibert 


Rust-Oleum is available in prac- é Your nearby industrial distributor 
tically all colors, including alumi- maintains complete Rust-Oleum 
num and white. stocks for your convenience. 


Wwe 


we 


harpe 


ATTACH TO YOUR LETTERHEAD—MAIL TODAY 


Rust-Oleum Corporation 
2934 Oakton Street 


Evanston, Illinois 


1 

Waso, Dov 
| 

C] Complete literature | 
l 

| 

l 

l 

| 

] 


co-chairman 
sium; J. FE 
el Co., Inc. F 
Refinery !n- 
Jr., Sun Oil 
Humble Oil 
hairmen of 


including color charts. 


[] Thirty-page report on 
Rust-Oleum penetration. 


See our Catalog in Sweets, or write L_] Nearest source of supply. 


2) oa. ey for complete information. 
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LABORATORIES 


TRUSCON Detroit 11, Mic higan 


1700 Caniff, Dept. K-2. 


ion? 
How can we stop corrosion 


i eee 
a element 


<3 ——— 


Sinclair Sheppard 


“We Stopped Corrosion 
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at our Plant! 


Vandelinder 


Woody 


(Continued From Page 110) 


the Oil and Gas Production Symposium; A. 4 
Roebuck, Continental Oil Co., Ponca City, Okie 
is co-chairman of the High Purity Water Sym 
posium; B. J, Philibert, Olin-Mathieson Chemics pre 
Corp., Baltimore, is co-chairman of the Chen- nal 
ical Industry Symposium; L. G. Sharpe, Napko high 
Paint and Varnish Co., Houston, is co-chairma num, 
of the Pipe Line General Symposium; T. J. Mat — 
land, American Telephone and Telegraph Co S ee 


and W. A. Sinclair, Detroit Edison Co., are ¢t § 


“Corrosion was rampant inside and out before Truscon diagnosed 
our troubles and prescribed TRUSCON CHEMFAST, corrosion and 
chemical resistant coating with Devran (epoxy resin).” 


@ If you have axy corrosion at your 
plant, stop it now before replacement 
costs eat gaping holes in your profits! 
Send coupon above—take advantage 


of Truscon experience and know- 


how. 

Chemfast is a heavy-duty coating 
for protecting indoor and outdoor 
surfaces of wood, metal and masonry 


against moisture, acids and alkalis. It 


owes its toughness to Devran (epoxy 
resin). 


LLY oo) | ee 


Division of Devoe & Raynolds Co., Inc 


a 
Segoe 1°SF FE 


> Behe 


rap 


chairmen of the Power and Communication 
Symposium; C. R. Johnson, Port of New Yor 
Authority, is co-chairman of the Cathodic Pr- 
tection Symposium; C. C. Harvey, Ethyl Con, 
Baton Rouge, and W. D. Manly, Oak Ridg 
National Laboratory, are co-chairmen of th 
Elevated Temperature Symposium; W. P. Cath 
cart and L. S. Vandelinder, Carbide and Car 


bon Chemicals Corp., South Charleston, W. Yo f 


are co-chairmen of the Protective Coating 
Symposium; L. R. Sheppard, Shell Pipe Lit 
Corp., and C. L. Woody, United Gas Corp 
Houston, are co-chairmen of the Pipe Lit 
Group Discussions and L. B. Nelson, Shell Pie 
Line Corp., and O. W. Wade, Transcontinento 
Gas Pipe Line Corp., Houston, are chairmen” 


the Pipe Line and Underground Round Table F 
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Papers on Electrodeposited Coatings Scheduled 


Ordinances Fighting Smog 
Being Adoped Generally 


Hackettstown Council (Easton, Pa.) 
adopted October 10 an amendment to 
its zoning ordinance to combat air pol- 
lution from industries moving to the 
town in the future. The amendment also 
hans certain types of industries from 
the industrial zone and limits industries 
to the use of oil, anthracite coal, gas or 
electricity. 

The Albuquerque City Commission 
adopted an ordinance declaring that all 
substantial amounts of air pollutants 
are a nuisance. 

Three environmental sanitation engi- 
neers will be hired by Massachusetts to 
conduct the state’s air pollution pro- 
gram. 

Ninety-two percent of the more than 
2000 court cases involving violations of 
air pollution regulations resulted in con- 
viction of the accused and levying of 
$132,278 in fines in Los Angeles. 


ASME Division Sponsors 
Welding Show Sessions 


The American Society of Mechanical 
Engineers’ Metals Engineering Division 
will sponsor four sessions at the May 
7-11 National Spring Meeting of the 
American Welding Society at Buffalo. 
Papers on welding nuclear reactor com- 
ponents also will be given among the 
21 technical sessions planned, 

ASME topics will be: Welding of 
Type 347 Stainless Steel, Joining of 
Dissimilar Metals, Material and Design 
Concepts Leading to Higher Welding 
Stresses in Pressure Vessels and What 
do Tests of Welds Tell Us? 

Three papers on welding nuclear re- 
actor components are planned as are 
sessions on gas-shie:ded arc welding 
and cutting, weldiag stainless steels, 
high nickel alloys, high strength alumi- 
num, pressure vessels, pipe and tubing. 
Performance of welded joints between 
aluminum and stainless steels also will 
e covered. 


Aluminum Use Contest 


A contest offering prizes ranging from 
$10,000 to $500 for new designs and con- 
Struction ideas for aluminum curtain 
wall buildings is being sponsored by 
Aluminum Company of America and 
the National Association of Architec- 
tural Metal Manufacturers. The program 
tor the contest may be obtained from 
Paul Schell, AIA, c/o National Associa- 
ton of Architectural Metal Manufac- 
Li 228 North LaSalle St., Chicago 
tall, 


By far the greater part of all technical 
material published in Corrosion is found 
M no other periodical. Two of every 
three editorial pages contain material 
with reference value. 


Diesel Engine Operates on 
Coal Dust-Gasoline Mixture 


A mixture of gasoline and coal dust is 
used as fuel in a Diesel engine by R. E. 
Harvey, Roanoke, Va. In operation, the 
volume of gasoline is reduced as the 
volume of coal dust is increased. Gaso- 
line cannot be cut off completely because 
its function seems to be when burned to 
provide the ignition temperature at 
which the coal will be consumed, 

Tests show the engine develops more 
power on coal than on gasoline and that 
cylinders are cleaner than they had 
been at any time since the engine was 
new. The experimenter hopes to get 
performance data on the engine to see 
what efficiencies are developed. 

Rudolph Diesel’s original intention in 
developing a prime mover competitive 
to the Otto cycle type was to make an 
engine that would burn coal. He aban- 
doned his efforts and instead turned to 
the use of heavy oil. 

(Editor’s Note: This information was 
taken from Mineral Industries Journal, 
a quarterly publication of Virginia Poly- 
technic Institute, Blacksburg, Va.) 


Corrosion Progress Viewed 
By Time-Lapse Photographs 


motion 
taken of the corrosion of a metal sam- 
ple exposed to high temperature water. 
The device that makes this possible was 


Time-lapse pictures can be 


developed by Daniel R. Grieser and 
Eugene M. Simons, Battelle Institute, 
Columbus, Ohio and was described at 
the Engineers’ Joint Council Nuclear 
Science and Engineering Congress in 
Cleveland. 

The device is an autoclave fitted with 
windows for admitting light and taking 
photographs. The procedure is impor- 
tant because it permits researchers to 
learn what would happen if a pinhole 
would develop in the cladding of a re- 
actor fuel element. 


Scholarship Is Offered 


A scholarship aimed at interesting 
college students in the field of high 
temperature electric furnace operations 


is being offered by The Electrochemical 


Society. It will be called the F. M. 
Beckett Memorial Award, honoring the 
pioneering achievements of Frederick 
M. Beckett in the field of metallurgy. 

Second or third year students work- 
ing toward a BS will have the oppor- 
tunity to qualify by completing a special 
project. 


Instrument Society Meeting 


The Instrument Society of America 
will hold its 11th Annual Instrument- 
Automation Conference and Exhibit in 


New York Coliseum September 17-21. 
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B-8 Committee of 
ASTM Will Sponsor 


Session at Boston 


Eight papers on electrodeposited coat- 
ings and problems associated with them 
will be presented February 29 at Hotel 
Statler, Buffalo, N. Y. The symposium, 
sponsored by Committee B-8 on Elec- 
trodeposited coatings of the American 
Society for Testing Materials, will be 
given in two sessions. Membership in 
ASTM is not a prerequisite for attend- 
ance nor is a registration fee involved. 

The program schedule is: 


Morning Session: 9:30 am 


Introductory remarks by the chairman. 

History of ASTM Committee B-8, Wil- 
liam Blum, Retired (formerly Direc- 
tor of Chemistry Section, National 
3ureau of Standards). 

Corrosion Behavior and Protective 
Value of Decorative Copper-Nickel- 
Chromium and Nickel-Chromium 
Coatings on Steel, C. H. Sample, In- 
ternational Nickel Company. 

Evaluation of Methods Available for 
Measurement of Surface Luster in 
Plated Coatings, Glade Bowman, 
Standard Steel Spring Division, Rock- 
well Spring and Axle Company. 

Metal Cleaning Prior to Electroplating, 
S. Spring, Pennsalt Manufacturing 
Company. 

Afteronon Session: 2:00 pm 

Comparison of the Corrosion Behavior 
and Protective Value of Electrode- 
posited Zinc and Cadmium Coatings 
on Steel, C. H. Sample and R, B. 
Teel, International Nickel Company; 
and A. Mendizza, Bell Telephone 
Laboratories. 

Evaluation of Supplementary Conver- 
sion Coatings on Zinc and Cadmium, 
R. E. Harr, Western Electric Com- 
pany. 

Atmospheric Exposure of Electroplated 
Lead Coatings on Steel, A. H. Du- 
Rose, Harshaw Chemical Company. 

The Standard Salt Spray Test—Is It a 
Valid Acceptance Test, A. Mendizza, 
3ell Telephone Laboratories. 


Armour Program Covers 
Welding of Stainless 


Welding Austenitic Stainless Steel for 
High Temperature Service by Roy W. 
Emerson, Pittsburgh Piping and Equip- 
ment Co.; Joining of Heat Resistant 
Alloys by Harold E. Schultz, General 
Electric Co. and Welding Problems in 
Nuclear Reactors by Robert A. Noland, 
Argonne National Laboratory are three 
of the papers to be presented at Chicago 
February 1-2. The sessions, at Armour 
Research Foundation of Illionis Insti- 
tute of Technology is sponsored jointly 
by the institute and Chicago Section of 
the American Welding Society. 
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Smog Study Funds Sought 


Funds from the $5 million appropria- 
tion voted the United States Attorney 
General by Congress for a study of air 
pollution will be sought by the Chicago 
Air Pollution Committee. 





POSITIONS WANTED 
and 
AVAILABLE 


@ Active and Junior NACE members and 
Companies seeking employees may run 
without charge two consecutive advertise- 
ments annually under this heading, not 
over 35 words set in 8 point text type. 


@ Advertisements to other specifications will 
be charged for at $10 a column inch. 








Positions Wanted 





Manufacturer’s Representative, corrosion 
engineer with established customers in 
chemical and related industries of Mich- 
igan seeking additional line. Reply to 
CORROSION, Box 56-2. 


Corrosion Engineer— Experience in- 
cludes formulation, application and eval- 
uation of protective coatings; cathodic 
protection systems; instrumentation; 
materials; methods. 15 years experience. 
BChE, MChE, Registered Engineer 2 
states Desires position in research, ap- 
plications engineering, or development. 
CORROSION, Box 56-3. 


Responsible position wanted with proven 
frontrunner company. Age 35 with in- 








dustrial sales, engineering, and super- 
visory experience. NACE member. 
Southeast location desired. CORRO- 
SION, Box 56-4. 

Positions Available 

Technical Sales and Service Engineer 


to represent Manufacturer of Plastic 
Materials of Construction in Linings in 
Corrosion Resistance Service. Excellent 
opportunity with several territories 
available. Write full background to 
CORROSION, Box 56-5. 


EQUIPMENT 
(Ages 
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INSPECTORS 
25-32) 


Career employment opportunities with a major integrated U. S. oil com- 
pany operating in South America. Vacancies exist in refinery equipment 
inspection positions at levels requiring two to four years of refinery 
equipment inspection experience. Candidates must be graduate engi- 
neers, preferably mechanical or metallurgical. Salary, including bonus, 
$11,000-$12,500, depending on qualifications and experience. Liberal 
employee benefits and home vacations with travel expenses. Send com- 
plete resume of education, personal data and work experience. Inter- 
views will be arranged for qualified candidates. All replies confidential. 
Box 1221, Dept. Q-27, New York 1, N. Y. 
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BOOK REVIEWS 





Official Yearbook, Federation of Euro- 
pean Technical Associations of the 


Paint and Associated Industries, (In 
French, English and German), 157 
pages, 534 x 8%, paper. 1955. Avail- 


ability not indicated. 
A list of the names and addresses of 
members associated with this organiza- 
tion from Belgium, France, Holland, 
Italy, Switzerland, Germany and Spain. 
Purpose, function and activities of the 
cooperating organizations are explained. 
° 
Corrosion in Action. 48 pages, 
cloth. 1955, The 
Co., Inc., 67 Wall Street, 
5, N. Y. Not available. 
The narrative accompanying the Inco 
motion picture “Corrosion in Action” 
with selected illustrations from the pic- 
ture in full color, An exceptionally lucid 
exposition of corrosion fundamentals. 
Issued in limited edition. Copies are not 
available. 


8% x 11, 
International Nickel 
New York 


* 

Kathodische Bescherming van Onder- 
grondse Buisleidingen. (Cathodic Pro- 
tection of Underground Structures) 
In Dutch. A Report of Corrosion 
Commission II for the Study of Un- 
derground Corrosion of Pipe. Publica- 
tion 35 of the Metaalinstituut T.N.O. 
Afdeling Corrosie. By J. F. Bogtstra, 
Metaalinstituut T.N.O., Afdeling Cor- 
rosie, Delft and M. Audeman, Konin- 
klijke/Shell Laboratorium, Amster- 
dam. July, 1955. 41 pages, 8% x 11%, 
paper. Per copy, 5 francs. 

This appears to be designed in the man- 

ner of a handbook of procedures in ca- 

thodic protection of underground struc- 
tures. Considered are electrochemical 
testing, covering potentials, galvanics, 
concentration cells, aeration, stray cur- 
rents, polarity, Investigation of the 
source of corrosion covers soil agres- 
siveness, resistance, pipe potential meas- 
urements. Installation data include ex- 
ternal current sources, galvanic anodes, 
isolation, locating ground beds and test- 
ing. 

° 

The Metallurgy of Zirconium. 776 pages, 
6 x 9, cloth. July 29, 1955. Editors: 
Benjamin Lustman and Frank H. 
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Kerze, Jr, McGraw-Hill Book Coy 
pany, Inc., 330 West 42nd St. \y 
York 36, N. Y. Per copy, $10, 


A technical discussion by more than ; 
contributors on the occurrence, redy 
tion, refining, properties and uses , 
zirconium and its alloys. Emphasis js, 
the application of zirconium to nucle; 
reactors, with a liberal discussion of it 
applicability to other uses in the chen. 
cal, metal and electrical industries, Us 
in commercial installations is fy 
covered. 

Corrosion of zirconium and its alloy 
is discussed in a 120-page chapter, Thi 
considers, among many other things 
interstitial structures, crystallograp| 
and composition of phases formed, ther 


modynamic relations in gas reactions 
corrosion in water and_ steam, acids 
bases and_ salts; effect of zirconiy 


purity on corrosion resistance, corti. 
sion resistance of zirconium alloys, cor 
rosion in liquid metals and_ electro, 
reactions. 

The book is liberally illustrated wit 
diagrams and microphotographs and ha 
many tables of data. Each chapter cor 
cludes with references to material dis 
cussed, 


Spectrographers to Meet 


The American Association of Spee 
trographers is planning its seventh An 
nual Conference in Chicago May 4 
Subject of the conference will be Ne 
Developments and Techniques in Spee. 
troscopy. 

Contributed papers are solicited, Ab 
stracts should be sent before March lt 
to John P. Merutka, chairman; H. \ 
Harper Company, 8200 Lehigh Ave 
Morton Grove, IIl. 


Steel Founders’ Meetings 


Meetings of the Steel Founders’ So- 


ciety of America have been schedule 
as follows: 

Annual meeting, Drake Hotel, Chi 
cago, March 19-20. 


Fall meeting, Greenbriar, White Sul: 
phur Springs, W. Virginia, September 


24-25. 
Technical and operating conference, 
Carter Hotel, Cleveland, November 7-! 


Alaskan Pipeline Completed 


A 630-mile 8-inch products pipe lin 
has been completed between the ice-fre 
port of Haines, Yukon Territory ¢ 
Fairbanks, Alaska. Welded joints on the 
line were examined visually and abou! 
20 percent were checked with gammé 
cameras. The final hydraulic test showe 
no leaks in any field weld. 


Nuclear Standards Sought 


The American Standards Associatiot 
has been asked to help develop stand: 
ards for use in connection with nuclea! 
reactors leading to the safest and most 
profitable use of nuclear energy im in- 
dustrial processes. 




















Aviation Division to Meet 


The 1956 Aviation Division Confer 
ence of the American Society « e 
chanical Engineers will be held N 
14-16 at Los Angeles, Sessions are t0 
held jointly with the American Roe 
Society. 
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In stock sizes 2’ through 
20, 30” and 36” 


GENERAL NEWS 


Brance-Krachy Nonconductive 


CASING 
INSULATORS 


Built of nonconductive polyester 
resin with a fiber glass filler. 
Compressive strength of 18,000 
psi. 

Eliminates carrier-to-casing 
shorts. 


Designed so entire load on in- 
sulator is compressive. 


Easy to install. 


Custom made to meet your par- 
ticular needs. 


4411 NAVIGATION + P.O. Box1724 - HOUSTON 
For Full information, Write, Wire or Teletype (HO-561) 


Fi 
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Mylar polyester film is described tech- 
nically in an 8-page folder MB-4 ob- 
tainable from DuPont Film Depart- 
ment, Wilmington 98, Delaware. 

2 
Precision Instruments for Industry are 
described in a bulletin issued by Illinois 
Testing Laboratories, Inc., 420 North 
LaSalle St., Chicago 10, Il. 

a 
Reactions of Carbon With Carbon Di- 
oxide and with Steam, Institute of Gas 
Technology Research Bulletin 19 by 
C. G. von Fredersdorff describes high 


y 
iy 


et: 


eet 
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temperature (1700-2500 F) reactions be- 
tween a solid fuel and oxidizing gases. 
6 
Dow Silicone Products are covered fully 
in the 1956 reference guide which de- 
scribes almost 150 of the most generally 
used silicone products. The publication 
was issued by Dow Corning Corp., Mid- 
land, Mich. e 
Anti-Corrosive Metal Products Co., Inc., 
Castleton-on-Hudson, N. Y. has issued 
a catalog of stainless steel fastenings. 
The catalog covers 9000 items and sizes 
in different stainless analyses. 


o J 
] 
€ 
FI 


is a luxury 


ry you cant afford | 


Protect your investments with 
Harco Cathodic Protection Systems 


Every ferrous metal structure you own 
(underground pipe lines, oil and water stor- 
age tanks, water works equipment, etc.) is 
being stolen from your profits. 


Harco’s job is to protect you. Cathodic pro- 
tection systems by Harco will STOP corro- 
sion in its tracks. What’s more, Harco job. 
engineered-systems provide the necessary 
testing, drawings, materials and installation. 


A Harco Cathodic Protection System will 
pay for itself many times over. It costs 
nothing to investigate the tremendous 
savings available to you. 


THE HARCO CORPORATION 
16991 Broadway 
Cleveland, Ohio 


Write today for catalog 
or call MOntrose 2-2080 





CATHODIC PROTECTION DIVISION 
Cleveland * New York * Chicago * Philadelphia © Detroit ¢ St. Louis © Louisville Minneapolis * Oklahoma City 
Los Angeles * Seattle * Houston Atlanta * Lynchburg ¢ Pittsburgh « Albany * Davenport ¢ Toronto, Canada 


ENGINEERS 


Turbidity, dissymmetry and depolariza. 
tion of dilute solutions of high molecu. 
lar weight compounds can _ be deter. 
mined with the new Brice-Phoenix Up 
versal 1000 Series Light scattering Php. 
tometer. Complete information can }, 
obtained from Phoenix Instrument Co, 
3803-5 North Fifth St. Philadelphig 
40, Pa. e 


Red Lead Alkyd Vehicle Primer {o; 
Industrial and Marine Environments i 
described in Red Lead Technical Lette 
No. 10, available from Lead Industries 
Association, 420 Lexington Ave., Ney 
York 27. N.Y. ° 

Fo 
Stainless Fasteners of Allmetal Screy 
Products, Co., Inc., Garden City, N, \ 
are covered in the company’s stock lis 
and data book. The 52-page book is 
thumb-indexed. Engineering data relat. 
ing to composition, properties, applica- 
tions and weights of stainless steels ar 
included. Copies are available. 

® 


Metal Surface Treatments Manual, ; 
thumb-indexed, loose-leaf booklet in- 
cludes among other things a “Surface 
Treatment Selector Chart’ which tabv- 
lates relative to service status the rec- 
ommended repair specification Aumbers 
listed in the book. For example, when 
service includes abrasion-corrosion-heat 
and there are abrasive particles in hot 
corrosive media, a number of surface 
preparations are listed including electro- 
deposition of hard chrome plate, welt: 
ing deposit on surface and ceramic coat- 
ing. Copies are available from Texas 
Alloy Products Co., 1403 North Post 
Oak Road, Houston. 

@ 


X-Ray Emission lines of the elements 
arranged in the “order of their wave 
lengths, are -tabulated in the Norelco 
Reporter, November-December, 195 
issue. The periodical is issued be 
monthly by North American Phillips 
Co., Inc., 750 South Fulton Ave., Mount 
Vernon, N. Y. e 


Kel-F materials, products of M. W. Kel 
logg Co., P. O. Box 469, Jersey City», 
N. J. are described in several publica 
tions available on request from the com 
pany. Technical Bulletin 1-1-55 P.l gives 
the physical, electrical, chemical an 
mechanical properties gf the material. A 
3uyers Guide lists the names and ad- 
dresses of companies who are convertets 
and processors and those who manutat- 
ture items from the material. Companies 
are cross-indexed by the type of item 
they make. Application Techniques !0 
Kei-F Dispersions are described in an 
18-page booklet of that title. The cor 
rect ways to apply the dispersions ! 
metallic and non-metallic surtaces » 
spraying, spread coating, dip and flow 
coating and baking are given. 
@ 


Design of Magnetostriction Transduces 
38-page and cover booklet published y 
The International Nickel Co., Inc, . 
Wall Street, New York 5, N. Y. is aval 
able from the company’s Reader Serv- 
ice Section. Design of the transducefs 


(Continued on Page 117) 
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which convert electrical energy into. me- 
chanical output energy Is described. 
Vibrations produced by the device can 
be used for numerous applications in- 
volving high-cyclic vibrations. 

2 


Polypenco Non-Metallics, Nylon, Teflon, 
()-200.5, K-51 and described in a bro- 
chure issued by the Polymer Corp. of 
Pennsylvania, Reading, Pa. Specific uses 
are described. e 


MSA Air Line Respirators, designed for 
yse in atmospheres including gases from 
welding and cutting operations, toxic 
dusts, paint spray vapors and fumes 
from molten metals are illustrated and 
described in a 4-page bulletin available 
irom Mine Safety Appliances Company, 
201 N. Braddock Ave., Pittsburgh 8, Pa. 
c 


Environmental Stress cracking of poly- 
ethylene films in contact with release 
agents has been explored by the Bake- 
lite Company and reported in its Tech- 
nical Release No. 5, December 1955. 

e 


Steelcote Manufacturing Co., 3418 
Gratiot St., St. Louis, Mo. has issued 
its catalog No. 56 which describes the 
characteristics of a wide variety of coat- 
ings. The company’s products include 
numerous paints formulated with oil 
base, alkyd, phenolic, silicone, vinyl, 
bitumen, acrylic and other solids and 
vehicles. e 


Fortisan-36, a new high performance 
polymer is now being produced at the 
Rome, Georgia plant of Celanese Corpo- 
ration of America. The material, said to 
have wide use in numerous applications, 
including high pressure hose, plastic 
laminates and oil hose is based on the 
cellulose molecule. It will be available 
initially in 800 and 1600 denier contin- 
uous filament. e 


Kaiser Aluminum and Chemical Corpo- 
ration has initiated an expansion pro- 
gram designed to increase its primary 
aluminum capacity to 654,000 tons an- 
nually. New plants in West Virginia and 
Louisiana are contemplated. 

® 


Molding Phenolics, a 20-minute, 16- 
millimeter sound film produced by Bake- 
lite Company describes phenolic mold- 
ng processes. Prints may be borrowed, 
with an instructor’s manual, from Bake- 
lite Company, Technical Film Library, 
2 Madison Ave., 10th Floor, New 
York 17, N. Y. There is no rentai 
charge. e 


Sintered Metal Filters, designed for use 
at high temperatures and at differential 
Pressures up to 500 psi are said by the 
Manufacturers, Purolator Products, Inc., 
Rahway, N. J. to handle particles as 
‘all as one micron in size. Made in 
stainless steel, Monel or other metals, 
the filters can be used in corrosive 
media. e 


Amercoat Protective coatings systems 
are described in two 4-page folders Am 
and 3j, by Amercoat Corp., 4809 Fire- 
stone Blvd., South Gate, Cal. Character- 
Stes of the company’s coatings systems 
ate described and the engineering serv- 
ees of the company detailed. 


GENERAL NEWS 


B & W Heat Exchanger and Condenser 
Tubes, seamless and welded are de- 
scribed in Bulletin TB-329B by Bab- 
cock & Wilcox Co., Beaver Falls, Pa. 
Data on carbon, low chromium, inter- 
mediate chromium, nickel and stainless 
steels are given. @ 

Conoflow Corporation, Philadelphia, 
manufacturer of pneumatic valve control 
equipment has been purchased by the 
Walworth Company, New York, N. Y. 

° 

Starfire, a ceramic-on-steel wall tile, 
guaranteed against crazing, cracking or 
color fading by manufacturers, The Bet- 
tinger Corp., Waltham, Mass. has been 
developed for use in the mass home 
building field. Tile are applied directly 
on dry wall surfaces with a waterproof 
and mildewproof material. 


Service Group. 
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Brilok Nylon Stop Nut, a one-piece, 
washer-faced, resilient hexagon nut si- 
multaneously self-tapping, locking and 
insulating is manufactured by The 
American Screw Company, Willimantic, 
Conn. It is available currently in sizes 
number 4, 6, 8, 10 and %-inch. 
% 


Platecoil heat transfer units manufac- 
tured by Tranter Manufacturing Co., 
Inc., Lansing, Mich. can be used now 
up to 150 psi compared to previous max- 


imum of 100 psi. e 


Aluminum Rubbertex, a caulking com- 
pound combining rolled aluminum flakes 
and rubber is used for outside caulking 
of aluminum components. High flexibil- 
ity is claimed. 


(Continued on Page 118) 
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Dick Renshaw is well 
known to all Reilly Enamel 


users because he heads up 
Reilly’s Hot Enamel Field 


He is a praetical Corrosion Engineer and has an 
intimate knowledge of the composition of enamel 
and of the techniques of its manufacture and 
use. As a result, his capabilities are held in high 
esteem throughout the industry. 


Reilly Tar & Chemical Corporation 


MERCHANTS BANK BUILDING, INDIANAPOLIS 4, INDIANA 


Sales Offices in Principal Cities 
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Monel Toilet Flush control 


by Micek Mfg. Co., Walsenburg, 
are corrosion-free. The units are sold by 
Mountain View Sales Co., Inc., Box 
1009, Canon City, Col. 
© 

Centri-F Pump, a portable electric pump, 
is designed for pumping acids from open 
as well as closed vessels. It is manufac- 
tured by General Scientific Equipment 
Company, P. O. Box 6798, Philadelphia 
32, Fa. 
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Gaco Roof, a liquid Neoprene roof coat- 
ing material can be applied with stand- 
ard long-handled rooter’s brush and 
air-cures in one hour into an elastic coat- 
ing that will not crack, chip or peel and 
is fire resistant. Manufacturers, Gates 
Engineering Company, Wilmington, Del. 
say the material is not affected by rain, 
sun, ice, salt spray or corrosive fumes 
and may be applied to asphalt, asbestos, 
slate or metal roofs. No preparation 
beyond sweeping and driving protruding 
nail heads is required. 
8 

Army Package Power Reactor, devel 
oped by Alco Products, Inc., Schen- 
ectady 5, N. Y. will produce power at 


a cost of about 16.8 mills per kwh, ac- 
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cording to Kenneth Kasschau, manag 
of Alco’s atomic engineering section, 

e 
Ultrasonic power transducers and jy 
proved generators operating at 40 ke/se 
are available from Branson Ultrason; 
Co., Division of Branson Instrumens 
Inc. 194 Richmond Hill Ave., Sta 
ford, Conn. The transducers are parti 
ularly suitable for metal cleaning oper 
ations. 

° 
Hagan Corporation has designed a mu; 
tube centrifugal dust separator which 
some installations carries a minimy 
guarantee of 93 percent and in acty 
tests has efficiencies as high as 97 per 
cent. These results far exceed requir 
ments of the Allegheny County, Pen 
sylvania smoke control ordinance. 

% 

Test Kits sufficient to permit diffusio 
of chromium into small pieces of ord 
nary steel are available from Alloy Sy 
faces Co., 1115 N. 38th St., Philad 
phia 4, Pa. The kits permit firms wit 
the furance equipment to test the diff 
sion process offered by the company, 
© 
Magnetic Particle Inspection  withoy 
the use of electric power is possible wit 
a new inspection kit developed by Mag 
naflux Corp., 7300 West Lawrence Av 
Chicago 31, Ill. Magnets supplied wit 
the kit permit use of wet and dry pow 
methods on equipment in hazardous 
out-of-the-way areas. 

° 
Glid-Iron, a 100 percent solids resir 
coating, has excellent adhesison to wood 
metal and concrete and is resistant { 
chemicals and oils. Interior applications 
to silos have been found to protec 
concrete from the effects of silage. Tem- 
perature range is —20 to 212 F. Manr- 
facturer is The Glidden Compan 
Cleveland, Ohio. 

° 
Allflex, a hose suitable for use with ai 
oil, water and mild chemicals is availabl 
from Manhattan Rubber Division, Ray- 
bestos-Manhattan, Inc., Passaic, N. | 

8 
Tantalum can be tested for resistance! 
corrosives by users with kits availabl 
from Fansteel Metallurgical Corp., Nort 
Chicago, Ill. Coupons in the kit can bi 
exposed to corrodents to determine thei 
resistance. 

& 

Water-Skipper, a proprietary aerosolize 
water repellent which can be used 
many applications to prevent corrosi0! 
is available from Textile Adjuncts Corp 
876 Pacific St., Brooklyn 38, N. ¥ 

« 

DXM-103, a polyethylene resin wiut! 
is more dense than standard resins, Wl! 
improved tensile strength, increase 
surface hardness, improved resistance! 
staining and slightly reduced permeé 
bility has been developed by Bakelite 
Company, a Division of Union Carbidt 
& Carbon Corp. 

e . 
Corrosion-Resistant anti-flash screens! 
the nozzles of stainless steel faucets 
troduced by Economy Faucet. Co, 
New York Ave., Newark 1, N. J, 
make them useful with volatile ant 
flammable liquids. The faucets are made 
of Type 304 stainless and the screen 
Kel-F. All frictional contact in the de 
vice is limited to Kel-F rings movitt 
against the inside wall of the bod} 
chamber. 
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February, 195¢ 


George T. Paul, formerly a member of 
Princeton University’s faculty, has 
‘ined International Nickel Co., Inc., as 
, member of the Development and Re- 
arch Division’s Corrosion Engineering 
Section in Ne York. Among his first 
undertakings will be preparation of a 
hook on the corrosion of stainless steels. 
He holds a PhD in chemical engineer- 
ing, and MA in chemistry from Colum- 
hia University. Before joining Inco he 
was a chemical engineer in the Process 
Engineering Section of the American 


Cyanamid Company’s Organic Chemical 
Nivision at Bound Brook, N. J. 
2 


Russell W. Mumford, vice-president and 
consulting engineer for American Pot- 
ash and Chemical Corp. retired recently 
alter 35 years’ service. 


CORROSION 


cathodic protection service 
Eighteen cathodic protection 
engineers with a combined 
total of over 150 years ex- 
perience available to serve 
you with ABILITY and IN- 
TEGRITY. 

Houston, 4601 Stanford St. 


BRANCH OFFICES 
Tulsa * New Orleans * Corpus Christi * Denver 


CATHODIC PROTECTION 
Surveys * Designs * Engineering 
Pipe Lines * Offshore Platforms 
Refinery and Gasoline Plant Lines 


Municipal Systems * Barges 


CORROSION RECTIFYING CO. 
1506 ZORA ST. PHONE VA-7522 


HOUSTON, TEXAS 


“(Corrosion Control Systems 
Designed and Maintained 


Consultation on all types of metallic 
structures; coating and laying specifi- 
_ Cations; corrosion surveys. 


corrosion control ince. 
“823 So. Detroit * Tulsa * LU 2-5161 


CORROSION SERVICE LIMITED 
Offers in CANADA 


A Complete Service in Corrosion Engineering 
Design and Installation of Cathodic Protection 
Systems. 


Resistivity and Electrolysis Surveys. 
Selection and Application of Protective Coatings. 


21 King St. East, Toronto, Canada 


ee a 


Electro Rust-Proofing Corp. 
Engineering Division 
Corrosion Surveys 
Cathodic Protection Design 
Plans °* Specifications 
Electrolysis Control 

Testing 


BELLEVILLE 9, NEW JERSEY 
Atlanta * Chicago * Dallas * Monrovia 





GENERAL NEWS 


Charles M. Hammond has been granted 
a research fellowship at University of 
Michigan established by The Interna- 
tional Nickel Co., Inc. His fellowship 
work concerns the effect of alloying ele- 
ments on microstructure and stress rup- 
ture properties of nickel base alloys. 
ey 


Wingate A. Lambertson, formerly as- 
sistant director and professor of silicate 
chemistry of the Institute of Silicate Re- 
search at University of Toledo has been 
appointed assistant to the manager, Re- 
search Branch of the Research and 
Development Division of the Carborun- 
dum Company. 
@ 


Frank J. Kiernan has been appointed 
technical engineer of protective coatings 
sales for Barrett Division, Allied Chem- 
ical and Dye Corp. He formerly was 
assistant chief engineer of the United 
States Stoneware Co. 
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Edward J. Vargo has been named chief 
metallurgist and C. B. Beener, chief en- 
gineer of Alloy Precision Castings Co., 
Cleveland. 

H. E. Hudson, Jr., formerly chief engi- 
neer of the Illinois State Water Survey 
is now associated with the New York 
engineering firm of Hazen and Sawyers. 
His experience includes research work 
on removal of chemical agents from 
water for University of Illinois, work 
with Army Engineers investigating Ger- 
man military water purification methods 
in Europe and as filtration engineer for 
South District Plant, Chicago. 

2 
Ernest V. Gent, for 20 years secretary 
and executive vice-president for Ameri- 
can Zinc Institute retired December 31. 
John L. Kimberly has been appointed 
executive vice-president succeeding him. 
(Continued on Page 120) 
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16901 Broadway Cleveland Ohio 
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SURVEYS @ DESIGNS © SPECIFICATIONS 
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CORPORATION 
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Selection ¢ Specification © Design 
Unbiased Recommendations 


CORROSION RESISTANT PLASTICS DIV. 
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Plastic Engineering & Sales Corp. 
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In Installation, Field Survey, De- 
sign of Rectifier and Galvanic 
AGAINST Anode Systems. 
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3815 Garrot @ Houston @ JA 6-1259 
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A. V. SMITH 
ENGINEERING CO. 


CONSULTING ENGINEERS 
ON CORROSION PROBLEMS 
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4-3900 


SOUTH FLORIDA TEST SERVICE 


Testing—Inspection—Research— 
Engineers 


Consultants and specialists in corrosion, 
weathering and sunlight testing. 


4201 N.W. 7th St. * Miami 34, Florida 


WATER SERVICE LABORATORIES, INC. 


Water treatment for corrosion control in 
buildings, boilers and air conditioning 
systems. 

CHEMICAL LABORATORY SERVICES 


Consultation 
Main Offices—423 West 126 Street, NYC 


Offices Also in 
Philadelphia and Washington, D. C. 


Inquire about rates for this 
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engineering services. Less 
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TAPECOAT-X comes in widths of 2”, 3”, 4” and 6”. It 
is easy to apply and bonds readily to the surface with 
the flash of a torch. Wrapping is done spirally with only 
¥," overlap. 


XTRA COAL TAR: Provides additional thickness of the same 
high quality coal tar that has distinguished TAPECOAT 
since 1941. 


XTRA COVERAGE! Added coal tar thickness permits single 
wrap for same effective protection as present double- 
wrap method. 


XTRA SAVINGS IN TIME AND LABOR! Faster application 
means lower labor cost. 


XTRA SAVINGS IN MATERIAL! Single-wrapping with TAPE- 
COAT-X requires less material, lowers cost. 


XTRA CONVENIENCE! New type, self-disposing liner facili- 
tates unrolling, speeds application, never gets in your 
way. 


XTRA ECONOMY! rapecoatT-x goes farther, gives you more 
value for your protection dollar. 


Write today for the complete facts on this timely de- 
velopment for protecting pipe, pipe joints, mechanical 
couplings, tanks and other steel surfaces vulnerable to 
corrosion, above and below ground. 


The TAPECOAT Company 


ORIGINATORS OF COAL TAR COATING IN TAPE FORM 





1521 Lyons St., Evanston, Illinois 
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David W. Pettigrew has been nanef 
administrative assistant to the institu: 


Edmund M. Wise has been made « ’ 


sistant to the vice-president-manager ;; 
the Development and Research Diyisiy 
of The International Nickel Co, |, 
He has been head of Inco’s develo, 
ment and research activities in the fielj 
of platinum metals and applied physic 
since 1933, ‘ 
2 


Gilbert R. Semans is now assistant ; 

rector of metallurgy and _ research 

Jessop Steel Co., Washington, Pa, 
8 


Paul Erlandson, former chairman of }} 
physics department and assistant vic 
president of Southwest Research Ins). 
tute, San Antonio, Texas has bee 
named director of the department 

physics of Continental Can Compan 
new Central Research and Engineerix 
Division. Among other things he wi 
be concerned with the ionization radia. 
tion sterilization program of the con: 
pany. 

° 

E. G. Holmberg, for nine years chi 
metallurgist of Alloy Steel Products ( 
Linden, N. J. has joined the Corrosici 
Engineering Section of the Internation 
Nickel Company’s Development an 


Research Division in New York. Befor 


his employment by Alloy Steel Products 
Co. he was for 11 years metallurgis 
with E. I. du Pont de Nemours & ¢ 
at its Belle Works in West Virginia. 

“ 
J. E. Himmelrich has been assigned ! 
the Tulsa office of Pittsburgh Coke & 
Chemical Company and M. P. Ellis has 
been moved to the company’s Pitts 
burgh office. 

9 
Edward D. Youmans, vice-president i 
charge of research and products deve: 
opment of The Okonite Company die 
at his home December 18. He was 3 
years of age. 

® 
Arthur L. Phillips has been appointe 
editor of the Welding Handbook } 
the American Welding Society. He * 
author of over 200 articles on welding 
and related subjects. 

® 
Allan E. Chester, vice-president of Pro: 
mat Division, Poor and Company. tie 
November 22 en route to Honolulu. He 
was 54 years old. He was active i’ 
number of technical organizations. 

® 
Josef F. Palme, Jr. has been named t 
the sales engineering staff of Bart Labo 
ratories, Co., Inc., Belleville, N. J. 
formerly was employed by Reichol 
Chemicals Inc. and Essex Rubber Com 
pany. 


® 
Bart Wright and Roger Sullivan ha\’ 
been appointed production superinten 
ent and production engineer respective! 
of the Becco Chemical Division, Foo 
Machinery and Chemical Corp. plant @ 


Buffalo, N. Y. Norman Michaelis lié 


been named supervisor of the contro 
laboratory succeeding Mr. Wright at 


Mr. Sullivan’s position in the engineer 


ing research laboratory will be filled by 
John Parrone. 
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5 cae Legislation by Disaster. Chem. Eng. 


News, 33, No. 10, 942-944 (1955) Mar. 7. 

At the Berg Laboratories in Philadel- 
phia last October a 4,000 gallon tank con- 
taining 2,145 gallons of four parts by 


1y’s  Pitis- 


ce weight of o-dichlorobenzene, two of pro- 
pany @ pylene dichloride, and one of ethylene 
fe whe dichloride, exploded. Ten people died 

and thirty-seven were injured from the 

blast. The report of the disaster stated 
appointe salt tank had been fabricated fora 
dbook * rewery, of material similar to Alcoa 28 
ty, fee aluminum. Various openings supplied for 


gauges had been welded shut and the 
tank vent was dirty and partially clogged. 
The report stated that the propylene 
dichloride and ethylene dichloride va- 
porized and condensed above the liquid 
level in holes left by the welding opera- 
tion, Solar heat caused the propylene di- 
chloride to react with aluminum to form 
aluminum chloride. The chloride then 
flowed out of the holes and returned to 
the mother liquor where it catalyzed the 


n welding 
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named t 


art Labo- Said A 
N. J. He on between the mother liquor and 
Reicholi § “2™Mmum causing a build-up of pressure 


and eventual explosion. New ordinances 
to curb chemical explosions have been 
tecommended because of the disaster.— 


-L. 9365 
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e contro! F , Metals Properties. Siok. Hoyt, Editor. 
right an Book, 1954, 433 pp. McGraw-Hill Book 
— f ©, New York and London. 

filled by his book, prepared under the aegis of 


the American Society of Mechanical En- 





gineers, is the second published part of 
the four-volume A.S.M.E. Handbook: the 
volume on “Design” has already ap- 
peared. About two-thirds is devoted to 
steels, one-third (135 pp.) to non-ferrous 
metals and alloys (copper, aluminum, 
nickel, zinc, lead, tin, magnesium; and 
the so-called super-alloys), Information 
is set out in tabular form, including com- 
position; form; technological, physical 
and mechanical properties. In some cases, 
information is given in considerable va- 
riety and detail, including, e. g., proper- 
ties at various temperatures and direc- 
tional properties. This volume should 
become a standard work of reference.— 
BNF. 9729 





1.6 Books 





1.6, 5.1, 4.6.12, 8.9.3, 8.4.3 

Combating Corrosion—A Special Sym- 
posium. A Digest of the Proceedings of 
the Corrosion Control Short Course, Ex- 
tension Study Center, North Campus, 
University of Oklahoma, Tulsa. April, 
1955, 184 pp. Published by Business and 
Industrial Services, Extension Division, 
University of Oklahoma, Norman. 

Consists of 26 papers given during the 
Corrosion Control Short Course, April 
5-7, 1955, sponsored by the College of 
Engineering and Extension Division, the 
University of Oklahoma in cooperation 
with Central Oklahoma Section, National 
Association of Corrosion Engineers. 
Some of the papers are in brief abstract 
form only. 

Titles and authors are as follows: Con- 
trolling Corrosion Thru NACE by John 
E. Loeffler; Theory of Inhibitors, A. H. 
Roebuck; Corrosion Inhibition and Bac- 
teriological Control in Water Flooding, 
W. J. Ries; Application of Organic In- 
hibitors in Water Flooding, J. B. Robin- 
son; Casing Corrosion in the Petroleum 
Industry, Jack L. Battle; Electrical 
Grounding in Cathodically Protected 
Systems, O. W. Everett; Corrosion Prob- 
lems in Parallel and Crossing Systems, 
C. L. Mercer; Views of Management on 
Corrosion Control, Carl Cloud; Selling 
Corrosion Control to Management, J. C. 
Spalding, Jr.; Plastics for Pipe Coating, 
R. B. Bender; Sacrificial Anodes, P. F. 
George; Protecting Pipelines by Im- 
pressed Voltage, Scott Ewing; External 
Coatings for Pipelines, W. H. Stewart; 
Unwanted Currents on Pipelines, James 
R. Cowles; Prevention of Caustic Em- 
brittlement in Boilers, James S. Connors; 
Corrosion Control in Steam and Con- 
densate Systems, John J. Maguire; Cor- 
rosion Problems in Recirculating Cool- 
ing Tower Water Systems, R. S. Wise; 
Cathodic Protection in Refineries, V. W. 
Hatchett; “It’s Up to You,” T. L. Cann- 
field; Test Methods for Corrosion Miti- 
gation, James R. Cowles; Microbiologi- 
cal Corrosion of Iron and Steel, D. M. 
Updegraff; Corrosion Problems in the 
Handling and Use of Sulfuric and Hy- 
drochloric Acids, Harold E. Crook; Se- 
lection of the Proper Surface Coating 
for a Given Application, John W. Nee; 
Corrosion Resistance of Sprayed Metal 
Coatings, Walter B. Meyer; Use of Glass 
Coatings in Combating Corrosion, F. W. 
Nelson. 9451 
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1.7 Organized Studies 
of Corrosion 





RZ 

Work of the Centre d’Etudes de Chimie 
Metallurgique. (In French.) Pamphlet, 
1954, 70 pp. Issued from the Centre 
d’Etudes de Chimie Metallurgique, 15 
rue Georges-Urbain, Vitry-sur-Seine 
(Seine), France. 

This establishment is a branch of the 
Centre National de la Recherche Scientifi- 
que. This pamphlet gives a detailed and 
well-illustrated account of investigations 
carried out in the last 10 years, includ- 
ing preparation of pure metals; applica- 
tion of radioactive tracer elements to 
metallurgical problems and to analysis 
of impurities in metals; corrosion and 
protection of metals; solid state reactions 
and non-stoichiometric compounds; metal- 
lographic study of uranium, titanium, 
zirconium, beryllium, ete—BNF. 9713 


7A, 222;22.7 

Report on the Activities of Commis- 
sion No. 4 for Protection Against Corro- 
sion of ABEM. Part II. Technical Re- 
port, (In French.) March, 1955, 28 pp. 
Association Belge Pour L’Etude, L’Es- 
sai et L’Emploi des Materiaux, 38, Rue 
de Naples, Brussels, Belgium. 

An illustrated report on the 1954 work 
done by the Belgian commission for pro- 


PHOTOPRINTS and/or 
MICROFILM COPIES 


of Technical Articles Abstracted in 


CORROSION ABSTRACTS 


May Be Obtained From 


ENGINEERING SOCIETIES LIBRARY, 
29 West 39th Street, New York 18, 
N. Y. 


CARNEGIE LIBRARY OF PITTSBURGH, 
4400 Forbes St., Pittsburgh 13, Pa. 


NEW YORK PUBLIC LIBRARY, New 
York City. 
U. S. DEPT. OF AGRICULTURE 


LIBRARY, Office of Librarian, Wash- 
ington, D. C. (Special forms must be 


secured). 


LIBRARY OF CONGRESS 
Washington, D. C. 


JOHN CRERAR LIBRARY 
86 East Randolph St., 
Chicago 1, Ill. 


Persons who wish to secure copies of 
articles when original sources are un- 
available, may apply directly to any of 
the above for copies. Full reference in- 
formation should accompany request. 
The National Association of Corrosion 
Engineers offers no warranty of any 
nature concerning these sources, and 
publishes the names for information 
only. 

NACE will NOT accept orders for 
photoprint or microfilm copies of ma- 
terial not published by the association. 
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A Branson VIDIGAGE® in your 
Inspection Department will pay for 
itself many times over — in fast, 
high-accuracy Corrosion Surveys, and 
Thickness Gaging in manufacturing, 
final inspection, and maintenance. It 
is especially valuable for work that 
is awkward or impossible to measure 
by conventional methods — forgings, 
castings, extrusions, large plates, as 
well as tubing and cylinders from 
inside or outside. 

Choice of 21” or 14” Cathode-Ray 
Screens with interchangeable direct- 
reading scales; ranges between 0.005” 
and 2.5” with accuracies as high as 
1/10 of 1% of actual thickness, Long 
cables permit measurements up to 
1000 feet from the instrument. 
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tection against corrosion, Organization 
of and details concerning the progress of 
tests of materials in atmospheric, marine 
and laboratory environments are given. 
A program of new investigations is out- 
lined and a list of publications issued 
during 1954 included. 9574 


1.7.1, 3.8.4, 1.6 

Proceedings, Meeting of Centre Belge 
D’Etude de la Corrosion. (In French.) 
April, 1955, 86 pp. Centre Belge D’Etude 
de la Corrosion, 21 Rue des Drapiers, 
Brussels, Belgium, 

Proceedings of a meeting of Cebelcor 
held April 13-14, 1955. Reports are given 
on the progress of the studies being con- 
ducted by Cebelcor, Numerous diagrams 
of data are included illustrating the ther- 
modynamics of the various problems 
under study, 

A list of the publications issued so far 
by Cebelcor is appended. 9550 





2. TESTING 





2.2 On Location Tests 





ZZ.2 

Report of Committee A-5 on Corrosion 
of Iron and Steel. Report of Subcommit- 
tee XVI on Field Tests of Atmospheric 
Corrosion of Hardware. A. MENDIzzA. 
Paper before Am. Soc. Testing Materials, 
58th Ann, Mtg., Atlantic City, June 26- 
July 1, 1955. ASTM Preprint No. 4, 1955, 
woe. 

Reports of inspections for 1953 and 
1954 on hardware, structural shapes, and 
tubular goods exposed to the atmosphere 
on test racks at State College are tabu- 
lated, Other locations were not inspected 
this year. Little progress of corrosion 
was noticeable at State College. Pinhole 
rusting on some lead-coated samples was 
rated lower in 1954 than in 1953. This 
was due in some instances to higher rust 


rating —INCO. 9586 


Zeb O:5 

About the Studies of Exposure Tests 
with Painted Steel Panels. A Report of 
Corrosion Commission 1Va, (In Dutch.) 
April, 1955, 36 pp. Mataalinstituut T.N.O, 


Afdeling Corrosie, Postbus 49, Delft, 
Holland. 
This is the sixteenth report of this 


commission which started tests at five 
sites in 1935, Details of preparation of 
panels, coating systems, length of tests, 
nature of environment tnd other data are 
given. The information includes use of 
primers without finishing systems. These 
showed best results obtained with prim- 
ers based on pigment mixtures contain- 
ing at least 50 percent of red lead in raw 
linseed oil. Red iron oxide primers showed 
poor performance. 

Tests with complete systems of prim- 
ers and finishing coats involved various 
combinations of red lead primers, while 
lead finishing coats, asphaltic bitumen 
and water-resistanf varnish. Numerous 
illustrations and tabulated data. 9577 


222, 115 18 

Report of Committee A-5 on Corro- 
sion of Iron and Steel. Report of Sub- 
committee XV on Atmospheric Ex- 
posure Tests of Wire and Wire Prod- 
ucts. (Covers 1953 and 1954 Inspections). 
F. M. REINHART. Paper before Am. Soc. 
Testing Materials, 58th Ann. Mtg., At- 
lantic City, June 26-July 1, 1955. ASTM 
Preprint No. 4, 5-29 (1955). 

Report summarizes results of atmos- 
pheric corrosion tests on wire and wire 
products through 1954 and presents in 
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detail the data from 1953 and 1054», 
spections, Materials are mostly bare a 
zinc-coated steel wires and wire Producers 
but copper-covered and lead-coated Ste 
wires and chromium and chrominy 
nickel steel wires are also included. Speci. 
mens have been exposed for 18 years 4 
11 sites, including rural, marine y 
industrial locations, Extent of corrosj 
is measured by weight loss determin 
tion, by visual examination and by te; 
sion tests. Results are tabulated —INC 

OS; 


nn 


2.3 Laboratory Methods 
and Tests 





2.3.6 

Thickness Measurements of Thir 
Films by Multiple-Beam Interferometry 
T. W. Barttett AND F. L. Batt, U ¢ 
Atomic Energy Comm. Pubn., KLI-14: 
1952 (unclassified 1954), 12 pp. on mier 
cards). 

An evaluation has been made of my 
tiple-beam interferometry to determi 
the applicability of these techniques | 
the measurement of thicknesses of cor 
rosion films, vacuum-deposited meta 
coatings, etc, Two techniques are « 
scribed for measuring the thickness « 
thin films; the more useful was one en- 
ploying fringes of equal chromatic orde 
The standard deviation on measurement; 
of films < 1000 A. was rarely > 504 
deviation such as this can be explaine 
on the basis of the precision of wave- 
length measurement. Well-defined top 
graphical features such as sharp ridges 
facets, or discontinuities may be observe 
by Fizeau fringes, 8 references—MA 

705 


2:37 

Measurement of Plating Thickness. ( 
HowELts. Corrosion Technology, 1, X 
7, 233-236 (1954) Sept.; Marconi Instn 
mentation, 4, No, 5, 113-116 (1954) Mar 

Methods of measuring coating thick: 
nesses by direct, chemical, magnetic at 
X-ray methods are discussed in detail 
Measurements are usually affected | 
some extent by the quality (i.e. porosity 
crystal structure, amount of alloying) | 
the coating and this must be taken mt 
account when the final accuracy to | 
expected is considered. Graphs, diagrams 
and nine references.—INCO. 971 


25.7 
Measuring Film Thickness. F. | 
Jounson. Can. Paint, Varnish Mag., %, 
No. 12, 5-8, 43-45 (1954) Dec. , 
A survey is made of various methot: 
of measuring thickness of wet or dh 





films, covering mechanical, magnet 
electric and radioactive methods.—Rf 
\ 
Je! 
Z2:S.7, Soe 


Two Methods of Studying the Porosity 
of Electrodeposited Coatings: Applic 
tion to the Study of Chromium Electro 
deposits. M. Bonnemay. Chrome Dut 
1954, 5-9: Published by Centre d’Informé 
tion du Chrome Dur, Grand Palais, Por 
C, Paris 8, France. 

Bonnemay describes two methods © 
estimating the porosity of chromiti 
clectrodeposits: 1.) Deposits of chrom 
ium on copper were immersed in cupht 
sulfate solution, and the time taken ! 
the electrode to develop the Cu/t! 
potential was related to the diffusion ° 
the electrolyte through the deposit. + 
Chromium was deposited on to radio 
active copper, and the specimen immers 
in non-active cupric sulfate solution. 
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time which elay sed before the electrolyte 
hecame active was measured and found 
t be in good agreement with the time 
jor establishment of the copper poten- 
tial. Method 1.) was evaluated with re- 
epect to deposit thickness and electrolyte 
conditions, and used to estimate the 
jorosity of various chromium deposits. 
The process is discussed theoretically. 
itis thought that, for thin deposits, at 
least, the rise in potential follows the 
»venetration of the electrode by the elec- 
trolyte—MA. 9799 


231,532 

A Nonoxidizing Heat Test for Plating 
Adhesion. I. WW. Marcovircu, Plating, 42, 
No, 6, 749-750 (1955) June. 

Determination of adhesion of electro- 
ylated coatings to base metal by non- 
oxidizing heat test is discussed. Parts are 
immersed in fat or oil heated between 475 
and 500° F. for two minutes; quenched 
in kerosene; and degreased to remove the 
kerosene and traces of oil in a trichlor- 
ethylene or perchlorethylene degreaser. 
Bright nickel and chromium on_ brass, 
aud copper and gold on aluminum were 
tested by this method in production 
quantities. This heating method pro- 
luced blistered and peeled plating parts 
with defective plating adhesion that prior 
to test gave no visual indication of this 
condition —I NCO. 9605 


23.7, 6.7.2 

A Drop Test for the Evaluation of the 
Impact Strength of Cermets. B. PINKEL, 
G. C. DeutscH AND N. H. Karz. Lewis 
Flight Propulsion Lab. National Advis- 
ory Committee for Aeronautics, Research 
Memo, No. E54D13, March 15, 1955, 8 
pp. 

Device for measuring impact strength 
of high temperature brittle materials at 
room and elevated temperatures. Extran- 
cous energies such as energy are 
eciminated from the impact strength. 
Method consists of dropping a hammer 
irom increasing heights so it strikes near 
iree end of a cantilever beam specimen. 
Specimen support has a_nickel-plated 
copper (Lektromesh) screen placed over 
specimen in vise and % inch nickel sheet 
electrode over the screen. Results of pre- 
limmary tests on effect of temperature on 
mpact strength of several alloys (in- 
cluding a new cast nickel base alloy) 
and cermets are tabulated. Comparison 
is given between notched and unnotched 
specrmens. Diagrams.—I NCO. 9583 
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3. CHARACTERISTIC 
CORROSION PHENOMENA 


LL 


3.7 Metallurgical Effects 
ete tate nrttisteacicesecicteaees 


3.7.3, 6.2.3, 3.2.2, 3.7.2 

Formation of Graphite on the Surface 
of Steel During Heat Treating in Vac- 
wum, E. Z. GRAIFER AND I. V. SALLI. Dok- 
lady Akad. Nauk SSSR, 97, No. 4, 663-665 
(1954), 

Investigation of separation of graphite 
Mn surface of high carbon steel and of 
mitence exerted by silicon on graphiti- 
zation. Steel compositions studied were 
1.50 percent carbon; and 1.50 percent 
tarbon, 0.50 percent silicon. Kinetics of 
graphite separation as function of cooling 
rate and significance of holding tempera- 
‘ire preceding cooling, are discussed. 
“xperimental results are explained on 
’asis Of iron-carbon diagram, with spe- 
cial reference to effect of silicon. Photo- 
™erographs, 5 references.—I NCO. 


9737 
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lite, etc. Effect of grain size and den- 
dritic carbide networks; value of using 


hot molds. —BNF., 9744 


3.7.3, 7.4.2 

High-Frequency Butt Welding of 
Pipes for Steam Coils. C. B. CLason. 
Welding Engr., 39, No. 3, 24-26 (1954) 
Mar. 

Important component of the steam 
generator is the firepot or fire dome, 
which is made of heat-resistant Inconel 
sheet and lined with refractory material. 
A cone of Inconel sheet is welded to- 
gether by means of the tungsten inert- 
gas process, using argon shielding gas 
and tungsten electrodes.—INCO. 9708 


3.7.4 at various low pressures and at 295° 

The Influence of Metal Structure on C. using 10g. of powdered uranium are 
Properties of Investment Castings. N. J. reported, and results are tabulated, For 
GRANT. Precision Metal Molding, 12, Nos. this low hydrogen concentration region 
9, 10, 122-126, 92-95 (1954) Sept., Oct. the solubility is expressed by S=K yP, 

Based on lecture given to the Invest- where S is in standard cc/10g. of uranium 
ment Casting Institute. Deals particu- and P ranged from 26 to 150g. Results 
larly with gas turbine blades cast in Stel- showed the solubilities of hydrogen 









3.8 Miscellaneous Principles 













3.8.4, 6.3.17, 3.4.6 

Low Pressure Hydrogen Solubility in 
Uranium. H. C. Marrraw. Knolls Atomic 
Power Lab. J. Phys. Chem., 59, 93-94 
(1955) Jan. 

The solubilities of hydrogen in uranium 
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Ve There is a Plico 
Engineered Pipe Enamel 
for every pipeline application 


Plico Pipe Enamels, compounded by coat- 
ing engineers experienced in solving under- 
ground corrosion problems, are engineered 
for specific conditions. 

PLICO No. 620...ideal for use during the hot 
summer months. (Standard grade.) 

PLICO No. 630...provides greater ductility 
for cold-weather application. (Plasticized grade.) 
PLICO No. 670...for use on underground 
pipelines operating at temperatures above nor- 
mal (135°F to 170°F). 




















For better coatings, 
get in touch with 


PLICO, INC. 
















1566 East Slauson Ave., Los Angeles 11, Calif. Phone LOgan 8-4335 
5830 Harvey Wilson Drive, Houston, Texas. Phone WAlinut 8-3343 
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ranged from 0.0353 for the lowest pres- 
sure to 0.0335 at the highest.—NSA. 
9404 


3.8.4, 6.3.20, 3.4.6 

Solubility and Decombosition Pres- 
sures of Hydrogen in Alpha-Zirconium. 
EarL A. GULBRANSEN AND KENNETH F. 
ANpREW. Westinghouse Electric Corp, J. 
Metals, 7, 136-144 (1955) Jan. 

Thermodynamic information on the 
solubility of hydrogen in exothermic 
metals is limited, Thus, the over-all solu- 
bility decreased as the temperature rose, 
which suggests the heat of solution of 
hydrogen in the metal is negative yet 
the terminal solubility in the metal phase 
increased, which suggests an _ endo- 
thermic reaction. A thermodynamic analy- 
sis, therefore, was made of the several 
equilibria involved when hydrogen dis- 
solved in the metal. Equations were de- 
rived expressing the solubility, terminal 
solubility, and decomposition pressures 
of hydrogen in terms of the heat, en- 
tropy, and free energy of solution of 
hydrogen in the given phase, The rela- 
tions between the thermodynamic func- 
tions for the &-zirconium and §-hydride 
phase were developed. The thermody- 
namic quantities were determined ex- 
perimentally by the measurement of the 
decomposition pressures over a_ broad 
composition and temperature range. Two 
new methods of analyzing the experi- 
mental data were developed for deter- 
mination of the terminal solubility. (auth). 
—NSA. 9427 


3.8.4, 6.3.4, 3.2.3 

Oxidation of Cobalt Metal. R. E. Car- 
rER, F. D. RICHARDSON AND C. WAGNER. 
J. Metals (Trans. AIME), 7, Pt. 2, 336- 
343 (1955) Feb. 

3y means of inert markers of radio- 
platinum, it has been shown that cobalt 
metal oxidizes by outward diffusion of 
cobalt atoms through the oxide. Oxida- 
tion rates have been measured at various 
temperatures and oxygen pressures and 
have been found to agree with the rates 
calculated from the Wagner equation and 
the authors’ values for the diffusion co- 
efficient of cobalt in the oxide, The dis- 
tribution of radio-cobalt in growing 
oxide layers has been accurately meas- 
ured and found to be different from that 
predicted from the Wagner oxidation 
theory. Attempts have been made _ to 
measure the change of lattice parameter 
of the oxide with composition. (auth.)— 
NSA. 9303 


3.8.4, 6.3.6, 3.2.3 

Process of Layer Formation in the 
Oxidation of Copper Under Low Pres- 
sure. (In French). FINN GRoNLUND AND 
JAcQues BENARD. Compt. rend., 240, No. 6, 
624-626 (1955) Feb. 7, 

Type and duration of reactions investi- 
gated as functions of oxide formed dur- 
ing oxidation at low pressure, 2 refer- 
ences.—MR. 9428 


5. PREVENTIVE MEASURES 


5.3 Metallic Coatings 


5.3.4 

Recent Developments in the Electro- 
deposition of Nickel. E. A. OLLarp. /nd. 
Finishing, 8, No. 81, 152, 154, 156 (1955) 
Mar. 

Some of the present types of chrom- 
ium and bright nickel solutions are de- 
scribed, and precautions required in their 


use.—BNF. 9656 
18a 


5.3.4 

Electrodeposited Nickel Coatings from 
Chloride and Sulphate Baths. E. Raus. 
Metalloberflache, Sec. A, 9, 88-93 (1955) 
June. 

Experiments to determine influence 
of chloride on the process of nickel 
electrodeposition. Chloride and_ sulfate 
baths with boric acid additions and 
mixed baths were used: these contained 
58.68 g./litre nickel and 24.4 g./litre 
nickel. Current efficiency was greater in 
chloride and chloride-containing baths 
than in sulfate solutions, and deposits 
were harder. Data on effects of evolu- 
tion of hydrogen on hardness and struc- 
ture of nickel deposits are included.— 
INCO. 9637 


5.3.4 

Electrodeposition of Lead-Tin Alloys. 
(In German.) E. Raus anp W. BLuo. 
Metalloberflache, Sec. A, 9, No. 4, 54-57 
(1955) April. 

Investigation of conditions of deposi- 
tion of lead-rich alloys from the fluo- 
borate bath.—BNF. 9648 


5.3.4 

An Experiment on the Effect of Type 
of Steel and Aluminium Content of the 
Bath on the Weight of Galvanized Coat- 
ings. N. B. RurHerrorp. Metal Finishing, 
1, No. 2, 71-74 (1955) Feb. 

Investigation of the effect of alumi- 
num (up to 0.2 percent) in the galvaniz- 
ing bath on zine pick-up by two types 
of steel. It is shown that although alu- 
minum is important (in general, the 
coating weight decreases with increasing 
aluminum up to about 0.1 percent, other 
factors such as the type of steel, clean- 
ing and immersion conditions also have 
marked effects on coating weights. 
Work done by the Brit. Non-Ferrous 
Metals Res. Association. Based on in- 
formation contained in Report R.R.A. 
884, made available to B.N.F.M.R.A. 
members in July, 1950; reprints avail- 


able as R.R.A.1044P.—BNF. 9667 


5.4 Non-Metallic Coatings 
and Paints 


54:5, 2.3.7, 2:6 

Aluminum Paint and Powder. JuNius 
D. Epwarps AND Ropert I. Wray. Book, 
3rd_ Edition, 1955, 219 pp. Reinhold Pub- 
lishing Corp., 430 Park Avenue, New 
York 22. 

Book provides explanation of manufac- 
ture, properties and testing of aluminum 
powder with special emphasis on processes 
involved, color, brilliance, leafing, density, 
grading and handling as well as perform- 
ance data and references. Chapter on alu- 
minum paint composition gives informa- 
tion on varnish lacquer, silicone resin and 
bituminous vehicles, grade and amount of 
aluminum pigment and includes references. 

Aluminum research laboratories tests, 
importance of film thickness, pigment con- 
centrations, comparison with other paints, 
priming costs for steel and painting alumi- 
num, magnesium, zinc, steel and aluminum 
alloys for marine service are subjects in- 
cluded in chapter on aluminum paint in 
protection of metals. Another chapter on 
special properties and uses of paint de- 
scribes subjects such as reflectance, visi- 
bility, painting interiors and aluminum 
paint for oil tanks, structures, furnaces 
and radiators as well as water vapor 
transfer, resistance to sulfur compounds 
and electrical conductivity. Book is replete 
with tables, graphs and illustrations. 9575 
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5.4.5, 5.2.1 

Polyethylene Tape for Pipe Coating 
M. E. Parker. Petroleum Engr., 27, X, 
1, D28-D30 (1955) Jan. 

Preliminary results of full-scale fe 
test on polyethylene tape versus coal ty 
enamel pipe coatings are encouraging 
Polyethylene has high volume  resistiyjy 
(low conductance), high dielectr: 
strength, almost negligible moisture a}. 
sorption, and excellent mechanical proper. 
ties, and is easily applied as a pipe coy. 
ing material. Since current demands ar 
very low, more reliable protection can \ 
obtained by installation of constant pote 
tial system of cathodic protection inste 
of the conventional constant current ss 
tem. Current source of low potential, jy 
of intrinsically high current capacity, wi 
result in self-regulating system. Use oj 
zine anodes as cathodic protection power 
sources also guarantees low-resistang 
grounding. Properly designed rectifier sys. 
tems used for larger lines or higher resis. 
tivity soil, can give same protection. Illus. 
trations, tables —INCO. 9625 


5.4.5, 5.4.6 

Basic Essentials for the Reduction o 
Atmospheric Corrosion. FRANK RapECki 
Corrosion, 11, No. 10, 437t-441t (1955 
Oct. 

A four phase plan used by a refiner 
to reduce atmospheric corrosion throug! 
the improvement of exterior coating pro- 
tection is described. Included is a discus 
sion of factors to be considered in setting 
up a maintenance painting program. 

It was found that paint engineers wil 
be concerned primarily with four matters 
Selection of paint with respect to enviror- 
mental severity, surface preparation, dr 
film thickness, and number of coats to be 
applied. It was found that the best com 
bination of these factors must be deter 
mined by the engineer in order to ensure 
that the plant has adequate _ protectio! 
within the limits of economic practicabilit 

A plant specification standard prepare! 
by an oil company is given. 9703 


5.4.5 6.4.2 

Protective Rubber Coating of Alum 
nium with Particular Reference to Spray 
Coating. (In German.) R. Morr anp 
HEINRICHS. Aluminium, 31, No. 1, 15-16 
(1955) Jan. 

Solution of synthetic rubber is spraye 
on to a sand-blasted aluminum surfatt 
(article can also be dipped in the solution 
and vulcanized: or thin sheet rubber ca 
be placed directly over the sprayed layer 
and the article heated to 140-150° C. 
vulcanize the sprayed layer. Examples 0! 
chemical resistance, mechanical properties 
and industrial applications are givell— 
BNF. 960! 


5.4.7 

Flow-Coating Aircraft Parts. R. ‘ 
Beaver. Org. Finishing, 15, No. 11, 17-1! 
(1954). ; 

A description of the electrically driver 
monorail system used for passing aircral! 
parts through cleaning, pretreatment am 
flow-coating baths. The flow-coating @ 
paratus is a low-pressure slushing arrange 
ment in which the paint converges from 
both sides and the bottom from thre 
bands of special nozzles. There is no ato 
izing action on account of the low prt 
sure and the special nozzles.—RPI. 9” 


5.4.7 
Cement Lining of Water Mains " 
Situ. C. T. Ine. Australasian Engr., ! 
82-84, Feb. 8. } 
Water supply in Sydney has corrosi\’ 
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PON RESIN does it! 


New 


Internal Coating 


protects pipelines 


against corrosion 
by crude oil, 


36” pipe to be laid by Transcontinental Gas Pipe Line Corp. being coated 


salt water, gas 


Iwrerwat CORROSION of gas pipe 
lines has long been a costly main- 
tenance problem. The solution is an 
Epon resin coating that stands up 
to corrosives, that does not flake or 
peel off, that can be readily applied. 


‘ Such an Epon resin-based enamel 
Is now going to work in nearly 300 
miles of line for Transcontinental 
Gas Pipe Line Corp. 


It’s a one-coat, amine-catalyzed 
system which, cured at atmospheric 
temperatures, gives the performance 
of many baked finishes never before 
obtained with any other cold-cure 


coating. The Epon resin liner has 
complete adhesion to metals and 
extreme resistance to corrosion that 
keeps gas free of rust and pipe scale. 


If you need a paint that lasts 
longer, that has excellent adhesion, 
resistance to abrasion and impact, 


- ability to withstand a wide range 


of temperatures, humidity and cor- 
rosive atmospheres . . . ask for Epon 
resin coatings. Call on our sales 
offices for names of suppliers. Write 
for the full Epon coatings story in 
the brochure, ‘“‘Planning to Paint a 
Pyramid?” 


Epon resins are the epoxy polymers made exclusively by Shell Chemical Corporation. 


with Copon, containing Epon resin. Copon is manufactured by Coast 
Paint and Lacquer Co., Houston. 


to be used by Transco. 


SHELL CHEMICAL 
CORPORATION 


Chemical Partner of 
industry and Agriculture 


380 Madison Avenue 
New York 17, New York 


Atlanta + Boston - Chicago 
Cleveland - Detroit - Houston 
Los Angeles - Newark » New York 

San Francisco + St. Louis 
IN CANADA 

Chemical Division, Shell Oil 

Company of Canada, Limited 
Toronto - Montreal - Vancouver 
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action on cast iron and steel which mani- 
fests itself in metal pipes by the formation 
of tubercules. An aparatus was developed 
for cement lining the pipes that already 
were underground. This process is de- 
scribed.—_I NCO. 9718 


5.4.7 
Flow Coat Priming. C. O, Hurcuin- 
SON. /*inish, 11, 43-44, 80-81 (1954). 
Flow coating methods and equipment 
are discussed.—RPI. 9722 





7. EQUIPMENT 





7.1 Engines, Bearings 
and Turbines 





a1 
High-Temperature Turbine Machin- 
ery for Marine Propulsion. T. W. F. 


Brown. Chartered Mech. Engr., 1, No. 4, 
162-203 (1954) April. 
Surveys possible lines of progress in 


both steam and gas marine 
reviewing recent land 
tions. Includes 
for gas turbine 
minum or 
and oil 


wn 

Today’s Flectric Motors—Special Re- 
port. J. JT. O’Connor. Power, 99, No. 6, 
73-104 (1955) June. 

Reviews recent motor-design changes 
and discusses tvpes of motors available 
and their operation, Typical areas where 
major changes have occurred are in en- 
closures, rerating, and insulation. Enclo- 
sures of cast iron or stainless steel offer 
top corrosion resistance for chemical 
process industry applications. Epoxy and 
polyester resins and isocyanates are 
showing promise as motor insulations. 
Silicone rubber; phenolic resins; varnishes 
composed of epoxies, epoxv-alkyds, ester 
gums, polvesters and polyvinvls; and 
mica are other insulating materials. Bear- 
ings and lubrication are discussed. Tables, 
graphs, illustrations —INCO. 9615. 


71.333.42.3 
Gas Turbine Combustion Develop- 


turbines, after 
and marine installa- 
some discussion of alloys 
blades, use of molten alu- 
magnesium as a blade coolant, 


BNF. 9760 


ash c¢ Trosic nl. 


ment. K. L Rrexe. Blast Furnace & Steel 
Plant, 43, No. 3, 336, 338, 352-353 (1955) 
March. 

Discusses the two basic gas turbine 


combustion sate hiheiden- aiiedieace release 
of chemical energy by combustion of fuel 
within highly confined spaces, and high 
temperature corrosion of residual oil ash 
on turbine and turbine blade materials. 
Corrosion of W &974, Inconel X, and Stel- 
lite 23 after 50 hours exposure in 1600° F 
exhaust gases of certain residual oils is 
shown. High corrosion rate is attributed 
to vanadium pentoxide and sodium sul- 
fate formed during combustion process. 
Chart shows relative amount of corro- 
sion expected from various fuel ashes.— 








INCO 9659 
7.7 Electrical, Telephone 
and Radio 

7.4,532,642 

Aluminium for Insulated Electric Ca- 
bles. Aluminium Labs. Dev. Bull.. Sept., 
1954, 35 pp. Aluminium Labs. Ltd., Ban- 
bury. 


Mechanical, physical and chemical prop- 
erties of aluminum; methods of sheathing 
cables with aluminum, suitable protective 
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finishes and installations; types of alumi- 
num conductors, jointing and applications ; 
aluminum wire armour to protect metal 
sheathed cables against mechanical dam- 
age; special types of cable and accesso- 


ries.—BNF. 





8. INDUSTRIES 





8.5 Group 5 





8.5.3, 7.6.6 

Field Investigation of Corrosion in 
Alkaline Pulping Eauipment. C. B. 
CHRISTIANSEN AND J. B. LatHRop, Tapp, 
38. 122-128 (1955) Feb. 

Forces which cause corrosion in digest- 
ers. Recommendations for extending the 
service life of alkaline pulping equipment. 
Diagrams, graphs, table—BTR. 9398 





8.8 Group 8 





8.8.5 

Continuous Automatic Unit for Heat 
Treating Torque Converter Shafts at 
Chrysler Plant. A. R. Ropertson. Wayne 
Indus. Furnace Co. Industrial Heating, 
22, No. 3, 480-482, 484, 486, 488 (1955) 
Mar. 

Description of compact heat treating unit 
embodying unit loading, heating for hard- 
ening, quenching, washing, rinsing, draw- 
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ing, cooling and unit unloading. Unit ma 
be used for carburizing as well as har(- 
ening. Rails, radiant tubes, support men 
bers and internal metal parts of harder- 
ing furnace are of 35/15. stainless steel 
All metal parts within draw furnace, oper 
ating up to 1250° F., are tvpe 430 stait- 











less steel. Illustrations. —INCO. 9661 
8.9 Group 9 
8.9.2 


Automotive Materials Changes. T. ! 
Merritt, Jr. Materials & Methods, 4, 
No. 1, 83-88 (1955) Jan. 

Chrysler engineers describe the . 
materials changes in 1955 models. I: 
creased application of flame- and inductiot 
hardened carbon steels replacing allo 
steels in rear axle shafts, in fuel pum 
drive eccentric, clutch hubs and in col 
necting rods is reported. Hardenable casi 
iron alloy replaces chilled cast iron in the 
hydraulic valve lifter. Oil cooler passag' 
previously fabricated of copper-nickel ' 
now made of a copper-nickel clad ste¢ 
Galvanized and aluminized steel extent: 
muffler life. In addition, a great deal ° 
aluminum, functional rubber and plastics 
is employed. Nickel plating is used 
headlight bezels and on bumpers. Nev 
process used first plates the bumper wit! 
ductile nickel then deposits, in same plat: 


ing line, a bright nickel coat.—INCO.__. 
9393 
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TESTS PROVE it pays to specify coatings formulated with BAKELITE Resins 


| 
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nit ma 
is hard- 
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ss steel 


‘=| $tops steel corrosion during storage 


9661 


That is the case history of the Colum- _ showing no rust was one protected by 
bus Sucker Rod Company, Columbus, a coating formulated with BAKELITE 
Ohio, about their profitable experience Resins. 
with coatings based on BAKELITE Brand Now, over three years later, they 
Phenolic Resin. have had no further trouble and no 
As the formulator reports it: “there | complaints from customers on rusting 
s are couplings on the end of sucker rods of the threads. 
luctiot (used in oil wells). Both the manufac- Whether for steel, masonry, or what- 


; = turer as well as customers carry quite a ever surface you wish. . . for mainte- 


i stock of these steel rods in storage. The _ nance or original equipment, there are 
| problem was that by the time they _a wide variety of thoroughly tested for- BAKELITE 
kc wanted to use them, the threads on the mulations based on BAKELITE Brand 
. couplings were covered with rust.” Resins that will give you superior serv- oo 


Naturally, coatings were indicated, _ ice despite very difficult conditions of Phenolic Resins 


and tests conducted with the coated environment. For our free booklet of 
; = rods exposed to weathering during win- “BAKELITE Resin Coatings for Indus- 
plastic ter months. The result: the only rod try” write Dept. KU-33. 


sed 01 
New 
ar will 
e plat- ; 
O. 

9503 & 


Vinyl, Phenolic, Epoxy, and Styrene Resins for Coatings 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation []{§ 30 East 42nd Street, New York 17, N. Y¥. 


The term Bake ite and the Trefoil Symbol are registered trade-marks of UCC 
21a 
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RUBBER APPLICATION 


KEL-F® Elastomer is a fluorocarbon rubber developed by The 
M. W. Kellogg Company. Possessing an unusual combination of 
elastomeric properties, chemical resistance, and thermal stability, 
KEL-F Elastomer can help solve difficult problems of rubber 
application under severe operating conditions. Return the coupon 
below to obtain a copy of this new booklet. 


THE M. W. KELLOGG CO. 


Chemical Manufacturing Division P. O. Box 469, Jersey City, N. J. 
SUBSIDIARY OF PULLMAN INCORPORATED 
Send me copy of newly published booklet ‘’KEL-F Elastomer.’ 
THE M.W. KELLOGG CO. 
Chemical Manufacturing Division 


P. O. Box 469, Jersey City, N. J. 
SUBSIDIARY OF PULLMAN INCORPORATED 
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Company Name : 
@®Registered trademark of The M. W. Kellogg Company 


for its fluorocarbon polymers. 
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Duriron impressed 
current Anodes, introduced 
in March, 1954, are rapidly 

becoming an important factor 
in cathodic protection in competition 


with other well established materials. 


Duriron anodes are now serving many 
“oreats” of American industry, as well as 
government and municipalities. Installations 
include piers, pipelines, underground cables, 


clarifiers, tanks. and many others. 


Performance? Field performance confirms laboratory 

data on rate of consumption, contact resistance and maintenance 

of electrical properties. Duriron Anodes are available from stock in 

8 basic designs. These include 1”, 114”, 2” and 3” diameters x 60” long. 
Special anodes, 114” x 12”, are available in flexible assemblies for use in 
underground ducts, fresh water tanks and other applications where 


length is important. Modifications of basic designs are also available. 


D U R } R Oo N® Write for bulletin containing 
IMPRESSED CURRENT full information on properties, 


designs and applications. 
ANODES 


pany 


THE DURIRON COMPANY, INC., DAYTON, OHIO | 





How To prevent Grude Oil Corrosion 


1. Well Casing 


2. Test Separator 
3. Production Separator 
4. Flow Treater 


5. Salt Water 
Disposal Tank 


6. Stock Tank 


7. Salt Water 
Disposal Well 


...WitH TARSET’ 


Here's an important new weapon for con- 
trolling costly crude oil corrosion. It’s 
TARSET—the effective new coal tar-epoxy resin 
coating. In test after test, Tarset has proved 
that it can stop corrosion caused by sour crude 
in storage tanks and in a growing number of 
other pieces of crude oil handling equipment. 

Tarset is the toughest, hardest coating of 
its kind ever produced from coal tar. It will 
not shatter at —30°F. or soften at 400°F. It is 


Send for Descriptive Booklet 
on TARSET today 


Free booklet tells how to use 
amazing new Tarset to reduce 
costly corrosion. Gives detailed 
description of Tarset’s specifi- 
cations, properties and applica- 
tion characteristics. Write for 
your copy today! 


superior to all other coal tar coatings in its 
ability to adhere to metal and concrete. And 
Tarset is easy to apply by brush, roller or spray. 

If you have a corrosion problem—above 
ground or below—call on Pittsburgh. With- 
out obligation, our engineers will gladly tackle 
your specific crude oil corrosion problem... 
and come up with dollar-saving answers. Let 
us hear from you today. 


wsw 5907 








